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1. INTRODUCTION 
 
1.1 Current trends of the environment 
 
 
POPULATION 
 
 
 
 
 
ENVIRONMENT 
 
 
 
 
EVOLUTION                                                          POLLUTION 
  
Over population of humans, pollution of biosphere and changing track of evolution 
are the current trends of our environment. Holding the peak of evolution, the human 
tries to control and exploit every natural resource and propagates himself in an 
uncontrolled manner. This resulted into the addition of a new component i.e. 
anthrosphere (the sphere of human)  in to the environment. In present scenario this 
anthrosphere modulates the lithosphere, hydrosphere and atmosphere that ultimately 
affect the sensitive biosphere. Development of our living standards has generated 
range of industry that directly or indirectly contaminates the environment by adding 
newer physical, chemical and biological species in to soil, water and air. Doing so, we 
pollute that is we change the composition of the environment in other ways that 
ultimately hurt us. We diminish the ability of the environment to support us as well as 
other living species. We know that our environment, directly or indirectly regulates 
the process of evolution of life. Evolution is though slow but is a never ending 
process, and at present also being operated under the influence of polluted 
environment. If environmental pollution persists as it is, in the future pollution-
resistance living species will dominate the earth and sensitive species including the 
human may have to face the serious problems of survival and existence. Therefore for 
our betterment, we have to minimize our interference in the complex and sensitive 
network of environmental processes. More precisely we have to find all the possible 
ways of reducing each and every type of pollution from our environment, to sustain 
our life supporting earth. 
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1.2 Industry and pollution problem 
Over population and environmental pollution are two rate- limiting factors for 
industrialization. Industries, are working round the clock to satisfy the needs of 
increasing population. But this exaggerated activity gifted, bonus of environmental 
pollution. The generation of pollutants from industries, in general is one of the most 
characteristic feature of the development of our society. The quality and quantity of 
these pollutants are indicators of our economic growth and also of our major concern 
for the environment. The problems caused by high levels of production and low levels 
of recycling have never been as serious as they are now. Large quantities of pollutants 
some of which will never be used again, build up everywhere and breaking what is 
essential in the economy of ecosystems. Our species has learnt to transform natural 
compounds and synthesize xenobiotics that do not exist in the environment; most of 
that being recalcitrant cannot be reintroduced into natural biogeochemical cycles. 
Generally construction is difficult task and destruction is easy, albeit for pollutants, 
construction is easy but destruction is very difficult. Therefore hazardous waste 
management remains the primary area of concern for every industry. 
 
1.2 Pollution of hydrosphere  
Current environment faces the invasion of novel pollutants in addition to conventional 
pollutants in all three components viz. atmosphere, lithosphere and hydrosphere. 
However hydrosphere is being polluted at an alarming level. Therefore water 
pollution control at present is one of the major areas of scientific activity. Water 
covers 71% of the earth's surface and makes up 65 % of our bodies. Water is essential 
for every life. Everyone wants clean water - for drinking, agriculture, industry, 
recreation, and just to enjoy looking at it. If water becomes polluted, it loses its value 
to us economically and aesthetically, and can become a threat to our health and to the 
survival of other living beings also.  
 
Water pollution is mostly caused by human involvement. There have been many ways 
scientists have looked at the human effect on water systems. There are many polluting 
substances produced by human activities that cause disruption or change in the 
chemical make up of the world’s waters, and effect the aquatic environment. Sources 
for water pollution include domestic sewage, agricultural runoff and industrial 
effluent that emit fluids of varying quality directly into water supplies. However 
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waste water from manufacturing or chemical processes in industries contributes 
maximally to water pollution. During the last few decades the number of industries 
has grown rapidly that are polluting the aquatic part of the earth. Most of these 
defaulting industries are sugar mills, distilleries, leather processing industries, textile 
industries and thermal power stations. Most major industries have treatment facilities 
for industrial effluents. But this is not the case with small-scale industries, which 
cannot afford enormous investments in pollution control equipment as their profit 
margin is very slender. 
The effects of water pollution are varied. They include poisonous drinking water, 
poisonous food animals, unbalanced aquatic ecosystems that can no longer support 
full biological diversity, deforestation from acid rain, and many others. These effects 
are, of course, specific to the various contaminants. Water pollution diminishes the 
aesthetic quality of lakes and rivers and even oceans. Polluted water is unsuitable for 
drinking, recreation, agriculture, and industry. On a large scale the effects of water 
pollution are not only devastating to people but also to animals, fish, birds and many 
others. Nobody can escape the effects of water pollution. 
Society’s main concern with water pollution has mostly been realized through the 
importance of clean and safe drinking water. Contaminants of all kind have been 
studied for their possible harm on humans, and subsequent discoveries led to seeing 
the effects on other life in water. Water as a carrier of pathogenic organisms that can 
put human health at risk was the primary reason for pollution control. Simultaneously 
structurally complex pollutants may enter the aquatic food chains and the food webs, 
concentrate by biomagnification and eventually may enter the human body. These 
facts helped increase awareness, inform the public and change the programmes and 
policies for environmental regulations.  Water pollution is a problem in our society 
that we are just beginning to try and control properly. In the last century, people have 
just started to take notice of the serious effects that it can have.  
Like water pollution, all other types of pollution are very dangerous to us, and other 
forms of life around us. Recycling is not the easy solution to the problem, pollution 
prevention involves a lot more .Cutting down on pollution is not a one man’s job, and 
it takes everybody to pitch in as well as the government to crack down on the larger 
industries. There are agencies working all over the world to clean up our air, water 
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and soil. For every one, it is very easy to contribute in pollution prevention and also 
extremely worthwhile for the continued health of our planet. 
1.3 Dye and development of water pollution problems  
Many of the South Asian countries including India are experiencing severe 
environmental problems due to their rapid industrialization. This phenomenon is very 
common where the water polluting industries like dye manufacturing, textile dyeing, 
leather tanning, paper and pulp processing, sugar manufacturing, etc. thrive as 
clusters. The colored effluent discharged by these industries leads to the serious 
pollution of surface waters, ground waters and soils. Among the above mentioned 
industries, dye manufacturing industries and textile industries are the largest source of 
dye containing effluent that on discharge generates serious environmental threats. 
Generally, such industrial units are functioning in small or medium scales with high 
employment generation and foreign exchange potential. But the pollution control 
mechanisms among these units are extremely weak.  
 
1.3.1 Effluent of dyestuff industry  
(Source: Pollution Prevention and Abatement Handbook, World bank group, July - 1998) 
Being more civilized, increasing human populations are in constant demand of 
colored fabrics. Looking to such demands dye manufacturing industries produce 
variety of durable textile dyes and pigments that are utilized by textile industries. But 
liquid effluents of dye manufacturing industry resulting from equipment cleaning after 
batch operation can contain toxic organic residues including mixture of chemically 
versatile dyes. Wastewater generation rates are of the order of 1–700 liters/kg of 
product except for vat dyes. The wastewater generation rate for vat dyes can be of the 
order of 8,000 liters/kg of product. Biochemical oxygen demand (BOD) and chemical 
oxygen demand (COD) levels of reactive and azo dyes can be of the order of 25 kg/kg 
of product and 80 kg/ kg of product, respectively. Values for other dyes are, for 
example, BOD5, 6 kg/kg; COD, 25 kg/kg; suspending solids, 6 kg/kg; and oil and 
grease, 30 kg/kg of product. Major solid wastes of concern include filtration sludges, 
process and effluent treatment sludges, and container residues. Examples of wastes 
considered toxic include wastewater treatment sludges, spent acids, and process 
residues from the manufacture of chrome yellow and orange pigments, molybdate 
orange pigments, zinc yellow pigments, chrome and chrome oxide green pigments, 
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iron blue pigments, and azo dyes. Effluent treatment normally includes neutralization, 
flocculation, coagulation, settling, carbon adsorption, detoxification of organics by 
oxidation (using ultraviolet systems or peroxide solutions), and biological treatment. 
Exhausted carbon from adsorption processes may be sent for regeneration or 
combustion. Reverse osmosis, ultra filtration, and other filtration techniques are used 
to recover and concentrate process intermediates. To remove dyes from the effluent, 
sequential anaerobic-aerobic biological treatment is effective up to certain extent. 
After treatment the effluent levels presented in Table 1.1 should be achieved however 
most dye stuff industries remains fail in achieving these levels. 
 
Table 1.1 Effluents from Dye Manufacturing 
(milligrams per liter, except for pH) 
 
Parameter Maximum value  
  
pH 6–9 
BOD 30 
COD 150 
TSS 50 
Oil and grease 10 
Phenol 0.5 
Chromium (hexavalent) 0.1 
Copper 0.5 
Zinc 
AOX 
2 
1 
Toxic organics such as  
benzidine  0.05 
 
Note: Effluent requirements are for direct discharge  to surface waters 
 
 
1.3.2 Textile mill effluent  
    (Source: Pollution Prevention and Abatement Handbook, World bank group, July 1998) 
Textile industry can be classified into three categories viz., cotton, woolen, and 
synthetic fibers depending upon the raw materials used. The choice of fabric type will 
determine the types of dye and dye processes to be used. However the cotton textile 
industry is one of the oldest industries and therefore it was and is the main source of 
dye containing effluent that pollutes different water bodies. The textile industry 
consumes large amounts of energy and water and generates large volumes of waste. 
The water consumption and wastewater generation from a textile industry depends 
upon the processing operations employed during the conversion of fiber to textile 
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fabric. In textile industry desizing, scouring, bleaching, mercerizing, dyeing, printing, 
and packing are the main processing stages that consume approximately 2400 to 2700 
m3/day of raw water. The used water is flown from the industry as colored effluent 
and its characteristics depend upon the processing stages. In general, the wastewater 
from a typical cotton textile industry is characterized by high values of BOD, COD, 
color, and pH. Because of the high BOD, the untreated textile wastewater can cause 
rapid depletion of dissolved oxygen if it is directly discharged into the surface water 
sources. The effluents with high levels of COD are toxic to bio logical life. The high 
alkalinity and traces of chromium (employed in dyes) adversely affect the aquatic life 
and also interfere with the biological treatment process. The high color renders the 
water unfit for use at the downstream of the disposal point.  
 
A common approach to textile mill effluent  treatment consists of screening, flow 
equalization, and settling to remove suspended solids, followed by biological 
treatment. Physical-chemical treatment is also practiced: careful control of pH, 
followed by the addition of a coagulant such as alum before settling, can achieve good 
primary treatment. Further treatment to reduce BOD, if required, can be carried out 
using oxidation ponds (if space permits) or another aerobic process; up to 95% 
removal of BOD can be achieved. 
 
Table 1.2 Effluents from the Textiles Industry 
(milligrams per liter, except for pH, temperature, and bacteria) 
 
Parameter Maximum value  
  
pH 6–9 
BOD 50 
COD 250 
AOX 8 
TSS 50 
Oil and grease 10 
Pesticides (each) 0.05 
Chromium (total) 0.5 
Cobalt 0.5 
Copper 0.5 
Nickel 0.5 
Zinc 2 
Phenol 0.5 
Sulfide 1 
Temperature increase < 3°Ca 
Coliform bacteria 400 MPN/100 ml 
 
                  Note: Effluent requirements are for direct discharge to surface waters 
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The effluent levels presented in Table 1.2 should be achieved however most textile 
industries remains fail in achieving these levels. The colored effluent discharge 
standards set by Central Pollution Control Board – India are depicted in Table 1.3. 
 
Table 1.3 Dye & Dye Intermediate Industry: Wastewater Discharge Standards  
 
[Source: Central Pollution Control Board – India] 
 
Parameter  Concentration not to exceed, mg/l  
(except pH, color and bio-assay test) 
  
 
pH  6.0 to 9.0 
Color, hazen unit  400 
Suspended solids  100 
BOD (27oC, 3 days)  100 
Oil & Grease  10.0 
Phenolics as C6H5OH  1.0 
Cadmium as Cd  0.2 
Copper as Cu  2.0 
Manganese as Mn  2.0 
Lead as Pb  0.1 
Mercury as Hg  0.01 
Nickel as Ni  2.0 
Zinc as Zn  5.0 
Chromium as Cr hexavalent (total) 0.1 (2.0) 
Bioassay test  90 per cent survival in 96 hours  
 
 
 
 
Effluent discharge from textile and dyestuff industries to neighboring water bodies 
and wastewater treatment systems is currently generates significant health and 
environmental concerns to environmental regulatory agenc ies. Hydrophilic and 
recalcitrant compounds such as textile dyes easily enter in hydrosphere and disturb the 
balance of ecosystem. The presence of very small amounts of dyes in water (less than 
1 ppm for some dyes) is highly visible and affects the aesthetic merit, water 
transparency and gas solubility in lakes, rivers and other water bodies that disturbs the 
sensitive balance of aquatic biodiversity. Untreated textile effluents released from the 
industries on open land seeps into the aquifer and contaminate ground water also. 
Biosorption and/or bioaccumulation of azo dyes on/in aquatic organisms interrupt 
physiology and metabolic processes. Through aquatic food chain ultimately dye may 
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enters in to human body if we consumes sea foods contaminated by dyes. These cause 
serious health hazards. 
 
The economic removal of polluting dyes and other components is gaining great 
importance as federal regulations on industrial effluents discharge are being enforced. 
Government legislation is becoming more stringent in most developed and even in 
some developing countries regarding the removal of dyes from industrial effluents, 
that is in turn becoming a set back for the textile industries. Environmental protection 
agencies are promoting prevention of transfer of pollution problems from one part of 
the environment to another. This means that for most dye manufacturing industries 
and textile industries, developing on site or in plant facilities to treat their own 
effluent before discharging is fast approaching reality. Dye removal from colored 
effluent in particular, has recently become of major scientific interest, as indicated by 
the multitude of related research reports. 
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2.   REVIEW OF LITERATURE  
 
2.1 Textile Dye: Recalcitrant component of textile & dye house effluent 
 
Synthetic dyes are extensively used in a number of industries such as textile, paper 
printing, color photography and the food industry (Meyer, U., 1981). Dyes constitute 
an essential part of our civilization, but they cause environmental pollution especially 
from the effluents of dyestuff and textile industries. Dyes are usually aromatic and 
heterocyclic compounds and are often recalcitrant, some of them being toxic and even 
carcinogenic. These dyes include several structural varieties such as acid, reactive, 
basic, disperse, azo, diazo; anthraquinone based and metal complex dyes. The only 
thing in common is their ability to absorb light in the visible region. The lack of data 
on the properties of many dyes has been the main problem in assessing broad 
classification of dyes to identify common characteristics. The above-mentioned 
classification as acid, direct, disperse etc. is based on its dyeing mode or main 
structural moieties, both of which are inadequate for environmental evaluation 
purposes. 
 
Effluents containing textile dyes are usually discharged in large quantities worldwide 
into natural water bodies on a daily base.  Inefficiency of the dyeing process, poor 
handling of spent effluent and insufficient treatment of wastes of the dyestuff 
industries lead to dye contamination of the environment such as soil and natural water 
bodies (Nigam, P., et al., 1996b). Their pollution potential stems from their possible 
toxicity and carcinogenicity which is mainly due to components such as benzidine and 
other aromatic compounds, which might be reported as a result of microbial 
metabolism (Clarke, E. A. & Anliker, R., 1980).   
 
Anthraquinone based dyes are the most resistant to degradation due to its fused 
aromatic structures, which remain coloured for long periods of time. Basic dyes have 
high brilliance and therefore higher color intensity, making them more difficult to 
decolorize, while metal – based complex dyes such as chromium – based dyes, can 
lead to the release of chromium which is carcinogenic in nature, into water supplies. 
Some disperse dyes have also been shown to have tendency to bioaccumulate 
(Baughman, G. L. & Perenich, T. A., 1988) and heavy metal ions from textile 
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effluents have also been reported at high concentration in both algae and higher plant  
like wheat exposed to such effluents (Srivastava, P. N. & Prakash, A., 1991). 
 
Colour is the first contaminant to be recognized in wastewater and has to be removed 
before discharging into water bodies or on land. While colored organic compounds 
generally impart only a minor fraction of the organic load to waste water, their colour 
renders them aesthetically unacceptable. The removal of color from wastewaters is 
often more important than the removal of soluble colorless organic substances, which 
usually contribute the major fraction of the biochemical oxygen demand (BOD). Dyes 
usually have a low rate of removal ratio for biochemical oxygen demand (BOD) to 
chemical oxygen demand (COD) (BOD/COD less than 0.1) (De Angelis, F. E. & 
Rodrigues, G. S., 1987).   Methods for the removal of BOD from most effluents are 
fairly well established; dyes however are more difficult to treat because of their 
synthetic origin and mainly complex aromatic molecular structures. Such structures 
are often constructed to resist fading on exposure to sweat, soap, water, light or 
oxidizing agents (Poots, V. J., et al., 1976; McKay, G., 1979) and this renders them 
more stable and less amenable to biodegradation (Fewson, C. A., 1988; Seshadri, S., 
et al., 1994). 
 
2.2 Azo dye: Most favored color in textile industry 
 
Azo dyes are the largest class of dyes used in industry (Johnson, R. F., et al., 1978).  
Their release into the environment has resulted in a pollution problem worldwide.  
Azo dyes are aromatic structures characterized by one or more azo linkages (R1-N=N-
R2).  An estimated   700, 000 metric tons of dyes are produced annually worldwide 
(Zollinger, H., 1987) (today the actual figure is quite high), of which 60-70% are azo 
dyes (Carliell, C. M., et al., 1995). During manufacturing and usage, an estimated 
10-15% is released into the environment (Anliker, R., 1979).  Even at very low 
concentrations, water-soluble azo dyes can cause waste streams to become highly 
colored. Aside from their negative aesthetic effects certain azo dyes and their 
biotransformation products have been shown to be toxic, and in some cases these 
compounds are carcinogenic and mutagenic (Chung, K. T. & Cerniglia, C. E., 
1992). Therefore, emission of these pollutants should be avoided and efficient 
approaches have to be searched out to degrade those dyes that have been released in 
the environment. 
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2.3 Auxiliary chemicals: Additional pollutants of textile mill effluent 
 
Textile industries consume substantial volumes of water and chemicals for wet 
processing of textiles. These chemicals are used for desizing, scouring, bleaching, 
dyeing, printing and finishing. They range from inorganic compound and elements to 
polymers and organic products. Srivastava, P. N. and Prakash, A., (1991) have 
detected high concentrations of heavy metal ion components in some dye containing 
effluents. There are more than 8000 chemical products associated with the dyeing 
process listed in the Color Index (Society of Dyers and Colorists, 1976) while over 
100, 000 commercially available dyes exist (Meyer, U., 1981; Zollinger, H., 1987).  
Presence of these auxiliary chemicals in textile mill effluent may adversely affect the 
growth and metabolism of microorganisms and thus hinder the process of dye 
decolorization and/or degradation. Therefore physical and chemical analysis of dye 
containing effluents before its treatment is obligatory. 
 
2.4 Physico – chemical approaches for textile dye decolorization 
 
Both industries and scientists are actively searching for novel innovative treatments 
and technologies directed particularly towards the decolorization of dyes in effluents. 
During the past two decades, several physico-chemical decolorization techniques have 
been reported. Among the possible physico-chemical techniques are flocculation with 
Fe(II)/Ca(OH)2, flotation, electro kinetic coagulation, membrane filtration, 
electrochemical destructions, ion-exchange, irradiation, precipitation, ozonation, 
adsorption, and chemical reduction and/or oxidation (Groff, K. A., 1993; Mishra, G. 
& Tripathy, M., 1993).  Activated carbon has also been reported as a suitable dye 
sorbent; however its manufacturing and regeneration costs are high (Low, K. S., et 
al., 1996). The Katox treatment method for dye removal involves the use of activated 
carbon and air mixtures (Lin, S. H. & Lin, C. M., 1993; Hosono, M., et al., 1993). 
Some of these techniques have been shown to be effective and accepted by the textile 
industries, however their lack of implementation has been largely due to high cost, 
low efficiency, excess amounts of chemical usage, and generation of large volumes of 
sludge with obvious disposal problems in addition to costly plant requirements, 
operating expenses, as well as inapplicability to a wide variety of dyes, lack of 
effective color reduction, particularly for sulfonated azo dyes; and sensitivity to a 
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variable wastewater input. Certain treatment schemes may be applicable for some 
textile mills using one or two types of dyes, but not for other mills or dye mixtures. 
 
Other techniques involve chemical oxidation using sodium hypochlorite to remove 
colour. They, however, release a lot of aromatic amines, which are carcinogenic, or 
other wise toxic compounds; these subsequently aggravate the problem (Anliker, R., 
1979). These above-mentioned technologies have been the subjects of several fairly 
recent reviews (Groff, K. A., 1991 & 1993; Wilking, A. & Frahne, D., 1993; 
Mishra, G. & Tripathy, M., 1993). No one specific treatment process seems to be 
able to handle decolorization of all textile wastewaters and generally a customized 
process, probably involving physical or chemical treatment occasionally in 
conjunction with biological treatment methods could be more applicable (Groff, K. 
A., 1993; Wilking, A. & Frahne, D., 1993; Mishra, G. & Tripathy, M., 1993).  
 
2.5 Biosorption 
 
A potential low cost alternative in colour removal from textile effluent is biosorption, 
which has been used successfully for the removal and recovery of toxic metals from 
industrial effluent (Modak, J. M., et al. 1995). This process utilizes the recalcitrance 
of dyes and affinity to adhere to surfaces as a means of removing them through 
adsorption on biomass (De Angelis, F. E. & Rodrigues, G. S., 1987; Nawar, S. S. & 
Doma, H. S., 1989). Strong biosorption behavior of certain types of microbial 
biomass toward metallic ions and other pollutants, such as textile dyes, is a function 
of the chemical makeup of the microbial cells of which the biomass consists. White, 
C. & Gadd, G. M., (1986) and White, C., et al., (1995) described several chemical 
groups in biomass that could attract and sequester charged pollutants. Example of  
such chemical groups are acetamide group of chitin, phosphate groups in nucleic 
acids, amino, amido, sulfhydryl, and carboxyl groups in proteins and hydroxyl in 
polysaccharides.  However the application of biomass will lead to sludge generation 
which may require further treatment such as use of solid-state fermentation (SSF).  
Many of the fungi capable of carrying out SSF are white rot fungi, which have also 
been shown to be capable of textile dye decolorization (Kirby, N., et al., 1995), such 
use however, would require further investigation into the fate of the textile dyes once 
adsorbed on biomass and the possibility of their break down in SSF prior to recycling 
as compost or soil conditioner. 
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2.6 Biological processes for degradation of textile dyes 
 
The treatment of textile wastewater by purely biological processes may be possible 
even without the inclusion of other carbon sources, e.g. municipal wastewater. This 
has been the subject of intensive research in recent years. Such a situation was 
predicted earlier by McKay, G. (1979), who concluded that, “decolorization mediated 
through bio logical systems would receive increased attention in the future”. Recent 
research into textile effluent decolorization and degradation has been focused on 
biological techniques due to their general simplicity and inexpensive technologies 
involved.  
 
Microorganisms such as bacteria, molds, yeasts, algae and protozoa are environmental 
scavengers and recycles natural load of dead & decaying organic as well inorganic 
materials. Why microbes are true environmental scavengers? Because… 
 
1. Biodegradative activities favors microorganism to gain energy for growth, 
reproduction, competition and other biological functions required for survival. 
 
2. Variety of chromosomal genes with the accessory of plasmids (limited to bacteria 
and yeasts) express in the right environment and produce the right enzymes to do 
the job. 
 
3. Microbial ecosystems allows the array of Central metabolism, Gratuitous 
metabolism and Co-metabolism, among microbial consortia – the joint ventures 
results in to degradation of organic load even up to mineralization. 
 
4. Structural and Functional proteins of microbial respiratory chains are efficient to 
reduce and /or oxidize different compounds under aerobic, anaerobic and 
facultative environment. 
 
Thus microbial diversity encompassing genetic and metabolic diversity is the strong 
component of environment for scavenging the filthy material.  
 
This natural diversity of microorganisms is also expected to clean the load of novel 
pollutants including xenobiotic and recalcitrant compounds such as textile azo dyes. 
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Therefore the ability of microorganisms to carry out dye decolorization has received 
much attention. Microbial decolorization and degradation of dyes is seen as a cost 
effective method for removing these pollutants from the environment.  
 
However toxicity of textile dyes for microorganisms is one of the limiting factors for 
biological decolorization. The dye components in the textile wastewater effluent can 
be detrimental to the microbial population present in such treatment works and may 
lead to decreased efficiency or treatment failure in such plants (Ogawa, T., et al., 
1988).  Similar adverse effects have also been detected in aquatic microbial 
populations (Michaels, G. B. & Lewis, D. L., 1985) and in laboratory cultures 
exposed to such dyes (Ogawa, T., et al., 1989). Therefore it is obligatory that 
microbial cultures employed for dye decolorization in effluent, must be able to resist 
toxic effects of dyes up to certain concentrations. 
 
Nonetheless biological methods, being cheap and simple to use, have been the main 
focus of recent studies on dye decolorization and degradation. Recent fundamental 
work has revealed the existence of a wide variety of microorganisms capable of 
decolorizing an equally wide range of dyes. 
 
2.7 Dye decolorization by bacterial cultures 
 
Numerous bacteria capable of dye decolorization have been reported. Efforts to 
isolate bacterial cultures capable of degrading azo dyes started in the 1970s with 
report of a Bacillus subtilis (Horistu, H., et al., 1977), then Aeromonas hydrophila 
(Idaka, E. & Ogawa, Y., 1978), followed by Bacillus cereus (Wuhrmann, K., et al., 
1980). Isolating such microorganisms proved to be a difficult task. For example 
extended periods of adaptation in chemostat conditions were needed to isolate the first 
two Pseudomonas strains capable of dye decolorization (Kulla, H. G., 1981). An 
azoreductase enzyme was responsible for the initiation of the degradation of the 
Orange II dye by these strains and substituting any of the groups near the azo group’s 
chemical structure hindered the degradation (Zimmermann, T., et al., 1982). Several 
other, dye decolorizing Pesudomonas and Aeromonas species were then reported by a 
Japanese group (Ogawa, T., et al., 1986; Yatome, C., et al., 1987; Ogawa, T., & 
Yatome, C., 1990; Yatome, C., et al., 1990). Pseudomonas luteola, with the ability 
to remove the color of reactive azo dyes, such as Red G, RBB, RP2B and V2RP, has 
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been isolated from dyeing- wastewater treatment sludge. Complete degradation was 
observed for the latter three dyes, while only azo bond cleavage was observed for Red 
G dye in this culture (Hu, T. L., 1994). Other bacterial strains of Klebsiella 
pneumoniae RS -13 and Acetobacter liquifaciens S-1 capable of decolorizing Methyl 
Red (MR) have also been reported as suitable for future applications in azo dyes 
containing industrial effluents (Wong, P. K. & Yuen, P. Y., 1996). 
 
The physico-chemical, particularly types of polar functional groups and side chains on 
the benzene ring of the azo dye may be a rate limiting factor in dye decolorization by 
microorganisms. The presence of sulfo groups on the aromatic component of some 
azo dyes seemed to significantly inhibit the biodegradability of the sulfonated azo 
dyes by bacteria (Kulla, H. G., et al., 1983). However Heiss, G. S., et al., 1992 
described bacteria like those of Rhodococcus sp. which are capable of effectively 
decolorizing two sulfonated azo dyes, Orange II and Amido Black.  
 
2.8 Sequential anaerobic-aerobic degradation of dye 
 
Biodegradation of azo dyes by anaerobic and aerobic microorganisms has been 
studied extensively during the past 20 years (Chung, K.T. & Stevens, S.E., Jr. 
1992).  Biodegradation of azo dyes is generally only feasible if the azo linkage is first 
reduced. Azo dye reduction is a ubiquitous capacity of many microorganisms under 
anaerobic or microaerophilic conditions (Carliell, C. M., et al., 1995; Donlon, B. A., 
et al., 1997; Razo-Flores, E., et al., 1997; Walker, R., 1970). Azo- and nitro-
compounds, which constitute a main component of many dyes, are reduced in 
sediments (Weber, E. J. & Wolfe, N. L., 1987) and in the intestinal environment 
(Chung, K. T., et al., 1978), resulting in the regeneration of the parent toxic amines. 
Therefore, anaerobic conditions are preferable for azo dye reduction.  
 
On the other hand some specialized strains of aerobic bacteria have been developed 
showing the ability to reduce the azo group by special oxygen tolerant azo reductases 
(Kulla, H. G., 1981).  However, these azo reductases have a narrow substrate range 
(Zimmermann, T., et al., 1982). These enzymes reductively cleave the azo linkages 
of the dyes.  An overall oxidative pathway for azo dye degradation by Pseudomonas 
cepacia has also been proposed in which the first reaction is catalyzed by an azo 
reductase (Idaka, E., et al., 1987).  Liu, J. and Liu, H. (1992) reported azo dye 
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degradation by algae, also finding that azo reductases are responsible for breaking the 
azo linkage.  All of these data indicate that the ability of organisms to decolorize azo 
dyes involves the initial reductive cleavage of the azo linkage.   
 
Azo dye reduction leads to the formation of aromatic amines as stated earlier.  
Aromatic amines are generally not degraded and accumulate under anaerobic 
conditions (Meyer, U, 1981; Brown, D. & Hamburger, B., 1987; Field, J. A., et al., 
1995), with the exception of a few aromatic amines characterized by the presence of 
hydroxyl and/or carboxyl groups (Heider, J. & Fuchs, G., 1997; Kuhn, E. P. & 
Suflita, J. M., 1989; Razo-Flores, E., et al., 1996). However aerobic 
microorganisms further oxidize the aromatic amines via deamination and/or 
hydroxylation reactions (Idaka et al. 1987). Mineralization of the aromatic amines by 
aerobic bacteria and aerobic activated sludge in treatment plants is more common and, 
therefore, aerobic conditions are preferable to degrade the accumulated aromatic 
amines (Brown, D., & Laboureur, P., 1983; Manalney, G. W., 1960).  However, it 
should be noted that some aromatic amines are readily auto oxidized in the presence 
of oxygen to humic- like oligomeric and polymeric structures (Parris, G. E., 1980). 
 
2.9 Dye decolorization by microbial consortia and biofilms  
 
Haug, W., et al., (1991) described a bacterial consortium capable of mineralizing the 
sulfonated azo dye Mordant Yellow. An alteration, however, from anaerobic to 
aerobic conditions was required to achieve complete degradation. This was necessary 
as different members of the consortium needed different conditions for optimum 
reaction and the main azo – bond cleavage needed the reductase enzymes, which are 
mainly functional under anaerobic conditions. In a review Groff, K. A. and Kim, B. 
R., (1989) described a consortium of bacterial cultures including a Rhodococcus sp., 
Bacillus cereus, Plesiomonas sp. and Achromobacter sp., with capabilities to carry 
out decolorization,  
 
Mixed bacterial cultures capable of growth on several kinds of azo, diazo and reactive 
dyes, both under aerobic as well as anaerobic conditions have been isolated by various 
authors. Obtaining these cultures proved to be a time – consuming and demanding 
task (Nigam, P., et al., 1995a; b; 1996a; b). Two mixed bacterial cultures PDW and 
PDC (full form unknown), capable of decolorizing textile dyes were isolated by 
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Nigam, P., et al., (1996a) from enrichment culture that were kept growing in minimal 
media containing dyes as sole carbon sources and anaerobic condition for over a year. 
An investigation into the efficiency of growth and decolorization for these cultures, 
PDW and PDC, concluded that they were facultative, with an ability to grow under 
both aerobic and anaerobic conditions, but with highest growth rate and 
decolorization ability under anaerobic conditions. Both growth and decolorization in 
the two mixed cultures were enhanced in rich media supplemented with yeast extract.  
 
The integration of anaerobic and aerobic conditions in a single biofilm has been 
proposed and proven to be a good strategy for the mineralization of azo dyes (Field, 
J. A., et al. 1995; Haug, W., et al. 1991; Kudlich, M., et al. 1996).  Inside the 
biofilm, anaerobic conditions will result in azo dye reduction yielding aromatic 
amines.  The aromatic amines are susceptible to mineralization in the aerobic 
periphery of the biofilm, if the right bacteria are present.   
 
A possible mean of integrating anaerobic and aerobic processes is to use granular 
methanogenic sludge exposed to oxygen, as suggested by Kato, M. T., et al. (1993a).  
Aerobic processes occur in the outer regions of the biofilm, while deep inside the 
biofilm anaerobic processes prevail.  Methanogenic activity of granular sludge could 
be maintained after prolonged exposure to oxygen   (Kato, M. T., et al. 1993a, b; 
Shen, C. F. & Guiot, S. R., 1995; Shen, C. F., et al. 1996).  Recently, it has been 
demonstrated that azo dye reduction occur s in anaerobic micro niches created inside 
granular sludge exposed to oxygen.  The formation of anaerobic micro niches depends 
on the supply of co-substrate for oxygen consumption. Additionally, some co 
substrates donate interspecies electrons (e.g., H2), stimulating the dye reduction 
further (Tan, N. C. G., et al., 1999). 
 
Currently following systems are available to use mixture or pure culture of 
microorganisms for decolorization and degradation of textile dyes on a large scale. 
 
1. Aerobic activated-sludge or rotating biofilm reactors  
    (Shaul, G. M., et al., 1991: Jiang, H. & Bishop, P.  L., 1994) 
2. Aerobic-anaerobic packed-bed reactors  
    (Schliephake et al., 1993; Lin, S. H. & Liu, W. Y., 1994) 
3.  Aerobic-anaerobic fluidized-bed reactors  
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    (Seshadri, S., et al., 1994) 
4. Aerobic-anaerobic sequential batch or continuous-flow reactors  
   (Loyd, C. K., et al., 1992; Ganesh, R., et al., 1994; Oxspring, D. A., et al., 1996) 
5. Anaerobic batch reactors  
    (Carliell, C. M., et al., 1995) 
 
2.10 Dye decolorization by actinomycetes  
 
Paszczynski, A., et al., (1992) compared the efficiency of a soil actinomycete culture, 
Streptomyces chrmofuscus, to that of the previously described fungus 
P.chrysosporium and concluded that the soil bacterium could carry out decolorization 
but to a lesser extent than the white rot fungus. Cu-based azo dyes, such as formazan 
– copper complex dyes, were completely decolorized by the same actinomycete 
strains (Zhou, W. & Zimmermann, W., 1993). Several other actinomycete strains 
have been reported with a capability to remove reactive dyes, including 
anthraquinone, phthalocyanine and azo through adsorption of dyes to the cellular 
biomass without any degradation.  
 
2.11 Dye decolorization by algal cultures 
 
Baughman, G. L. & Perenich, T. A., (1988) showed some dyes did bio-accumulate 
in some algae. Jinqi, L. & Houtain, L. (1992) reported algae capable of degrading 
azo dyes through an induced form of an azoreductase. Several species of Chlorella 
and Oscillatoria were capable of degrading azo dyes to their aromatic amines and to 
further metabolize the aromatic amines to simpler organic compounds or CO2. Some 
were even capable of utilizing a few azo dyes as their sole source of carbon and 
nitrogen. Even such algae can be used in stabilization ponds, as they can play a role in 
aromatic amine removal. As stated earlier Liu, J. and Liu, H. (1992) reported azo dye 
degradation by algae, also finding that azo reductases are responsible for breaking the 
azo linkage. 
 
2.12 Dye decolorization by molds 
 
In the fungal lineage as compared to other members, the multicellular molds or 
filamentous fungi have a winning streak in the competition for cleaning the 
environment. Structural diversity of hypha, high surface-to-cell ratio, network of 
intracellular and extracellular enzymes, biochemical mixture of primary as well as 
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secondary metabolites and different routes for asexual, sexual and para-sexual 
reproduction makes the molds efficient degraders in every ecological niche. In view 
of this several scientists had applied different molds for degradation of textile dyes. 
 
Biodecolorization of lignin containing pulp and paper wastewater, as measured by the 
decrease in color absorption, using two white rot basidiomycete fungi Phanerochaete 
chrysosporium and Tinctosporia sp., was reported as early as 1980 (Eaton, D., et al., 
1980; Fukuzumi, T., 1980). Both were clear examples of color removal through 
microbial degradation of polymeric lignin molecules. Since then, the wood rotting P. 
chrysosporium in particular has been the subject of intensive research related to the 
degradation of a wide range of recalcitrant xenobiotic compounds, including azo dyes. 
The mechanism of colour removal involves a lignin peroxidase and Mn- dependent 
peroxidase or laccase enzymes (Michel, Jr. F. C., et al., 1991). In the majority of the 
above cases it was generally observed that nitrogen- limitation increased ligninolytic 
activities through increased lignin peroxidase and Mn-dependent peroxidase and 
therefore enhanced decolorization (Perie, F. H. & Gold, M. H., 1991).  
 
Contrary to that, however, Chao, W. L.  and Lee, S. L.,  (1994) reported higher 
decolorization rates when their strains were pre-grown in nitrogen rich media, while 
slower or no decolorization occurred with strains pre-cultured in low nitrogen media. 
The degradation of xenobiotics by other white rot fungi are known to occur under non 
– ligninolytic conditions and would mainly be through the laccase enzyme activity 
(Dhawale, S. W., et al., 1992).  
 
Recently, other facultative anaerobic fungi capable of growth on dyes as sole carbon 
sources have been reported. They, however, do not seem to be able to carryout 
decolorization (Merchant, R. et al., 1994; Nigam, P., et al., 1995 a; b). They appear 
to cleave some of the bonds in these dyes to use as carbon sources; yet do not affect 
the chromophore center of the dyes.  
 
This capability might be of significance when a consortium of microorganisms is 
employed in degrading dye-containing effluents when other decolorizers are present. 
Both types, the degrading and the decolorizing microorganisms, would ultimately 
benefit from each other’s activities to achieve rapid and complete biodegradation. 
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Success in the decolorization of paper-mill bleach plant effluent has also been 
recently reported using unidentified marine fungi, which produced the enzyme 
laccase, manganese peroxidase and lignin peroxidase (Raghukumar, C., et al., 
1996). Several other fungi capable of decolorization are listed in the following table:    
 
 
Table 2.1 Recent reports on various fungi capable of dye decolorization 
 
 
Culture Dye and 
concentration 
Percent 
removal/time 
Mechanism Reference 
Aspergillus sojae B-10 Amaranth (10mg/l) 97.8% 
(5 days) 
Not 
Reported 
Ryy & Weon (1992) 
 Sudan III (10mg/l) 97.4%  
(5 days) 
Not 
Reported 
 
 Congo Red  
(10 mg/l) 
93.05  
(5 days) 
Not 
Reported 
 
Myrothecum 
verrucaria 
Orange II  
(200 mg/l)  
70.0 %  
(5 h) 
Adsorption  Brahimi – Horn et al. 
(1992) 
 10B (Blue) 
(200 mg/l) 
86.0%   
(5 h) 
Adsorption  
 RS (Red)  
(100 mg/l) 
95.0%  
(5 h) 
Adsorption  
Myrothecum sp . Orange II  
(100 mg/l) 
25-91%  
(24 h) 
Adsorption  Mou et al. (1991) 
 10B (Blue)  58-98% 
(24 h) 
Adsorption   
 RS (Red)  
(100 mg/l)  
81-98%  
(24 h) 
Adsorption  
Neurospora crassa  Vermelho Reanil 
P8B 
(16 – 32 mg/l) 
89 – 91%  
(24 h) 
Adsorption Corso et al. (1981) 
Pycnosporus 
cinnabarinus  
Pigment plant 
effluent (unknown 
concentration) 
90%  
(3 days) 
Extracellular 
oxidases 
Schliepake et al. 
(1993) 
Trichoderma sp.  Hardwood 
extraction effluent 
(unknown 
concentration) 
85%  
(3 days) 
Ligninolytic 
enzymes 
Prasad & Joyce 
(1991) 
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2.13 The role of yeast in dye decolorization 
 
Decolorization of azo dyes by yeasts is much less studied than the homologous 
process mediated by bacterial and mold species. Compared to bacteria and 
filamentous fungi, yeasts have many advantages. They not only grow rapidly like 
bacteria, but like filamentous fungi they also have the ability to resist unfavorable 
environments (Zhisheng Yu, Xianghua Wen, 2005). Furthermore, some yeasts have 
been found to be efficient in treating high strength organic wastewaters such as food 
industry effluents (Yang et al., 2003). To the present, however, the use of yeast 
strains in treating dye wastewater has been very limited and most of the available 
reports on dye decolorization by yeasts documented biosorption of dye on yeast 
biomass. For example, De Angelis, F. E., & Rodrigues, G. S., 1987 have shown that 
species of Candida can remove different azo dye more than 90% (initial 
concentration100 mg/L) by biosorption from culture media within 2 h. Similarly 
thermo tolerant yeast, K. marxianus IMB3 exhibits biosorption of diazo dye, Ramazol 
Black-B under aerobic condition at acidic pH and room temperature (Meehan, C., et 
al., 2000).  Safarik, I., et. al., (2002) revealed biosorption of various azo dyes and 
triphenyl methane dyes on magnetically labeled Saccharomyces cerevisiae. While 
Donmez, G., (2002) reported bioaccumulation of the reactive textile dyes by C. 
tropicalis growing in molasses medium.  
 
However, few authors also reported decolorization of azo dyes by different species of 
yeasts with probable involvement of an azo reductase enzyme for the reduction of azo 
linkage. For instance, Kakuta, A., et al., (1998) had purified two different azo 
reductases from Candida curvata that were capable of azo dye decolorization, and 
Ramalho, P. A., et al., (2004)  characterized azo reductase activity in Issatchenkia 
occidentalis responsible to decolorize several monoazo dyes under microaerophilic 
conditions. Most yeast capable of dye decolorization requires aerobic or 
microaerophilic environment for azo bond reduction, but rejects anaerobic 
environment to complete dye decolorization process. This situation was described by 
several authors in their recent reports on dye decolorization by yeast. Martins, A. M., 
et al., (1999); and Ramalho, P. A., et al., (2002) shown that Candida zeylanoides can 
degrade various azo dyes under appropriate aerobic conditions. Marco S. L., et. al. 
2005 isolated phenolic acid assimilating non-conventional yeast Candida oleophila 
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that completely decolorized Reactive Black 5 up to 200 mg L-1 within 24h of aerobic 
incubation. Zhisheng Yu and Xianghua Wen (2005) have isolated two yeast species 
Pseudozyma regulosa and Candida krusei that were capable of reducing azo dye; 
Reactive Brilliant Red K-2BP (200mg L-1) and other six azo dyes completely within 
24 h but in microaerophilic conditions.  
 
Yeasts also exhibit its degradation versatility for textile dyes. Because aside azo dye 
decolorization, certain species of yeast can also decolorize anthraquinone dyes and 
others. Yang, Q., et al., 2003 have reported that manganese-dependent peroxidase 
(MnP) activity of yeast strains, Debaryomyces polymorphus and Candida tropicalis is 
responsible for decolorization of Reactive Black B and other azo dyes as well as 
anthraquinone dye completely within 48 h and Itoh, K., et al., (1996) have elucidated 
the pathway for the biodegradation of an anthraquinone dye C.I. Dispersed Red 15, by 
yeast strain Pichia anomala. Kwasniewska, K., (1995) had reported biodegradation 
of tryphenyl methane dye, crystal violet (hexamethyl – p – ros- aniline chloride) by 
oxidative red yeast.  
 
Even yeast culture, in immobilized form had also been tested for the treatment of azo 
dye wastewater in cost-effective manner (Kakuta, T., et. al. 1992), albeit the strain 
must be non-pathogenic. However, most literature related to the role of yeast in dye 
decolorization, represents Candida and other pathogenic yeast strains that may cause 
health related problems for humans if applied in the treatment of textile dye 
containing effluents. And as per our informations there is no detailed report on the 
decolorization of azo dyes by simple, nonpathogenic and novel ascomycete yeast S. 
cerevisiae. Although Ramalho P. A., et. al. (2005), using gene cloning approach had 
tried to elucidate the involvement of ferric reductase of S.cerevisiae in decolorization 
of azo dye. But exact physiology of S.cerevisiae for azo dye decolorization remained 
to be explored. In this work, we report the ability of S. cerevisiae and other yeasts in 
the decolorization of commercially available sulphonated monoazo and diazo dyes as 
well as other textile dyes with special emphasis on its aerobic and anaerobic 
physiology. This common culture of fungus is expected to cause destruction of dyes 
in colored effluent. 
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3. AIM & OBJECTIVES 
 
3.1 Aim 
 
3.1.1 Background 
Many microbial strains have been studied for decolorization of azo dyes. But their 
mechanism to attack and reduce azo bond to decolorize the dye is quite different. 
Bacteria being prokaryotes operates their electron transport chain on their plasma 
membrane for respiration and production of ATP at the expense of proton motive 
force (PMF). When any bacterium is engaged in reducing azo bond of dye, the 
reduction equivalent is generated by the proteins of their respiratory chain and 
donated to azo bond of the dye. This is generally possible in microaerophilic or 
anaerobic growth conditions. However if the redox potential of their proteins is not 
sufficient enough, they recruit the help of redox mediator like riboflavin, quinone etc. 
to parcel the hydrogen up to azo dye.  
 
From the previous studies in our laboratory, it has been shown that several gram 
positive and gram negative bacteria were capable of decolorizing azo dyes under 
facultative growth conditions with microaerophilic environment. Further, the whole 
cell studies also indicated that to decolorize azo dye(s), carbon substrate (common 
hexose sugars) and growth factors (yeast extract or riboflavin) were essential in the 
reaction assay mixtures. Also it was noted during the experiments that the conditions 
were favoring only decolorization and not the growth of the organisms (i.e. increase 
in biomass). The entire play has been considered as the flux of electrons from the 
metabolic pools were not directed to the natural electron acceptors but, has been 
mediated through the redox mediator(s) that ultimately passed on to azo bond of the 
dye and reduced it. Keeping in view of the above findings the present study was 
carried out on the model fermentative eukaryote baker’s yeast; S. cerevisiae. Since 
this eukaryote is metabolically similar to many facultative prokaryotes.  
 
3.1.2 Explanation  
According to the literature surveyed, this simple, unicellular eukaryote generally 
removes azo dye from effluent by biosorption. Few research reports also documented 
azo reductase in Candida and other species of yeast. But  in nature many other species 
of yeast are also found which are capable of decolorizing azo dyes. Most studied and 
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explored, S.cerevisiae is the best model to study the decolorization of azo dye by 
yeast. Which mechanism it follows in reducing the azo dye is an interesting scientific 
approach in bioremediation of azo dye. During respiration it generates enough redox 
potential on the inner membrane of their mitochondria in a way similar to 
prokaryotes. But for chemically complex, polar textile dye is difficult to cross yeast 
cell membrane and outer membrane of mitochondria to sequester required redox 
potential. Chemical structure, particularly type of polar functional group and side 
chain on the benzene ring of the azo dye may be a rate limiting factor in dye 
decolorization by microorganisms. For instance the presence of sulpho groups on the 
aromatic component of some azo dyes seems to significantly inhibit the 
biodegradability of the sulphonated azo dyes by microorganism. Simultaneously 
native azo dye may prove to be toxic and carcinogenic if it enters yeast cell.  
 
But, yeast posses various metallo- reductases such as ferric reductase and cupric 
reductase on their cell membrane to reduce and sequester required metal ions from the 
surrounding environment. Such enzymes may transport reducing equivalent out side 
the cell membrane and generates enough redox potential to reduce the azo bond of the 
dye, if appropriate conditions are provided.  If their redox potential is not enough to 
reduce the azo bond, they can also use redox mediators if provided, just like bacteria  
use it.  
 
S.cerevisiae is a fermentative organism. It can direct its reduced pyridine nucleotides 
either for respiration via different redox shuttles on mitochondria or for alcohol 
fermentation in the cytoplasm. Concomitantly it also directs reduced nucleotides on 
plasma membrane to reduce metal ions by membrane bound metallo reductases. The 
way in which it controls its intermediary metabolism in microaerophilic conditions is 
important in generating required redox equivalent to reduce the azo dye on their cell 
membrane via different metallo- reductase enzymes.  
 
If S.cerevisiae decolorize and degrades the azo dye, it can be applied as a best model 
organism in the treatment of dye house and textile processing effluent. It can be 
cultivated on a large scale on cheap agricultural wastes such as molasses therefore the 
over all cost of dye decolorization process can be minimized. Being a non pathogen 
for human it may regarded as a safe organism in dye decolorization processes.  
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3.2 Objectives 
Looking to the aim of decolorization of sulphonated azo dyes and other textile dyes 
using yeast cultures, following objectives were set in this work. 
 
ü Isolation and screening of yeast cultures, able to decolorize azo and other 
textile dyes. 
ü Identification of selected unknown yeast cultures.  
ü To check the dye decolorization potential of known S.cerevisiae. 
ü Comparison of dye decolorization activity among S.cerevisiae and other newly 
isolated yeasts.  
ü Optimization of dye decolorization process mediated by selected yeast 
cultures. 
ü Study of yeast physiology for dye decolorization process. 
ü Analysis of degradation versatility of yeast cultures for different types of dyes. 
ü Physico – chemical analysis of dye - degraded products. 
ü To check out the potential of yeast cultures for decolorization of dye house 
and textile processing effluents  
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4. GENERAL CHARACTERISTICS OF YEAST 
4.1 History of yeast and yeast in history  
Fermentation of fruits and grains was probably considered a magical property of a 
properly cared-for vessel.  We have been carrying around these vessels ever since and 
thus the cultivation of yeast has always been closely linked with human culture.  It 
was not until Louis Pasteur's time that yeast was colony-purified. Louis Pasteur  in the 
1850’s credited with first discovering and understanding the fermentation process 
which led to the development and cultivation of the yeast we use today.  Budding 
yeast Saccharomyces cerevisiae was purified from European beers. Fission yeast 
Schizosaccharomyces pombe was purified from an African millet beer. However, we 
know that S. cerevisiae was used in ancient times because S. cerevisiae ribosomal 
DNA was amplified and sequenced from 5000 years old Egyptian wine jars.  
The word “yeast” comes from Sanskrit ‘yas’ meaning ‘to seethe or boil’ 
 
Yeast is a group of unicellular fungi. Most yeast belongs to the division Ascomycota. 
More than one thousand species of yeast have been described. Different types of yeast 
can be isolated from sugar-rich environmental species. Some good examples include 
fruits and barriers (such as grapes, apples or peaches), exudates from plants (such as 
saps or cacti) and even from molasses. Some yeasts are also found in association with 
insects. Yeast such as Candida albicans can cause infection in humans.  
4.2 Saccharomyces cerevisiae – the model yeast 
After Antony van Leeuwenhoek’s initial descriptions of yeast in 1680, very little 
additional information on its morphology was gained until the early nineteenth 
century. During 1825, Cogniard de la Tour, Kützing and Schwann detected that these 
cells always occurred in beer and that they divided by budding. They understood that 
this single celled organism is a fungus and Schwann named it as “Zuckerpilz” (Sugar 
Fungus) that later trans lated in Latin as “Saccharomyces” 
Unicellular eukaryote S. cerevisiae, a species of budding yeast is perhaps the most 
relevant yeast for mankind, both for its use since ancient times in bakery and brewing, 
and for being one of the most fundamental and studied eukaryotic model organism in 
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molecular and cell biology (in particular the cell cycle). Followings are some of the 
reasons why S.cerevisiae is an excellent eukaryotic model organism. 
· Well known genome (Saccharomyces Genome Database – SGD) 
· Unique physiology comprising eukaryotic respiration and fermentation both 
with special emphasis on Crabtree effect and Pasteur effect. 
· Easy manipulation in the laboratory  
· Rapid growth (1.5 or 2.5 hours)  
· Non-pathogenic  
· Both stable diploid and haploid states  
· Easy mating of haploid cells to generate diploids  
o Simple complementation tests  
· Efficient transformation by exogenous DNA  
o Integration  
o Autonomously replicating plasmids  
· Efficient homologous recombination  
o Simple targeting of mutations into the genome  
· Simple genetic screens  
· Cost effective cultivation of yeast biomass in molasses. 
 
Table 4.1 Classification of S.cerevisiae 
 
Domain:  
Kingdom:  
Phylum:  
Class:  
Order:  
Family:  
Genus:  
Binomial name:  
 
Eukaryota 
Fungi 
Ascomycota 
Hemiascomycetes 
Saccharomycetales 
Saccharomycetaceae 
Saccharomyces 
Saccharomyces cerevisiae 
 
Baker’s yeast S. cerevisiae is considered as “the soul of the bread” since it is used for 
leavening bread since ancient times. It may be produced commercially or caught from 
the environment. In bread making two forms of Baker’s yeast are used: compressed 
yeast (also called fresh yeast) and dehydrated granules (dry yeast).  There are two 
types of dry yeast: regular active dry and rapid-rise.  
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4.3 Cellular characteristics of S.cerevisiae 
 
Yeast cells exhibits great diversity with respect to cell size, shape and color. Even 
individual cells from a particular yeast strain of a single species can display 
morphological and color heterogeneity. This is mainly due to alterations of physical 
and chemical conditions in the environment. Among different yeast species, cell size 
may vary widely.  
 
Cell of S.cerevisiae are generally ellipsoidal in shape ranging from 5 to 10 µm at the 
large diameter and 1 to 7 µm at the small diameter. Mean cell volumes are 29 or 55 
µm3 for a haploid or a diploid cell, respectively; cell size increases with age. Under 
certain nutritional conditions yeast grown in a form of pseudohypha also. 
Macromolecular constituents of yeast comprise proteins, glycoproteins, 
polysaccharides, polyphosphates, lipids and nucleic acids.  
 
 
Table 4.2 Yeast cell organelles and compartments 
 
Organelle/Compartment Subparts Marker enzymes 
Cell wall periplasm, secretory Invertase, Acid 
phosphatase 
Plasma membrane  Vandate-sensitive ATPase 
Cytosole  G-6-PDH 
Nucleus nucleoplasm, 
nuclear envelope 
RNA polymerase 
Endoplasmic reticulum light microsomal fraction NADPH-cytochrome-c -
oxidoreductase 
Vacuole  membrane, 
sap  
a-Mannosidase 
Protease A and B 
Golgi apparatus   B-Glucan synthase, 
mannosyltransferase 
Mitochondrion matrix, 
intermembrane space, 
inner membrane, 
outer membrane 
 
Aconitase; fumerase 
Cytochrome-c-peroxidase 
Cytochome-c-oxidase 
Kynurenine hydroxylase 
 
Peroxisome   Catalase, isocitrate lyase, 
Flavin oxidase 
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4.4 The genome of S. cerevisiae 
 
           Inheritance             Mendelian               Non-Mendelian  
 
          Nucleic acid                       Double-stranded DNA                                                   Double-stranded RNA 
  
                Location                       Nucleus                                                     Cytoplasm 
  
                      General  
              Determinant 
 
 
       Relative amount 
 
      Number of copies 
 
                   Size (kb) 
  
           Deficiencies in 
                    Mutants   
 
                   Wild-type 
     Mutant or variant 
 
                  Note: YFG = your favorite gene  
Chromosomes 
o 16 chromosomes (in haploid state) 
o DNA ~60% A+T  
o Normal core histones; no close relative to histone H1 of humans 
o Centromeres small (~120 bp),  
o Telomeres (TG1-3)n [Note that human telomere sequence is (TTAGGG)n]  
o Replication origins (ARS elements) 100-150 bp  
Extrachromosomal elements 
· Mitochondrial DNA 
o The fact that budding yeast cells can grow aerobically or anaerobically means 
that mitochondrial respiratory function is not essential. For this reason, 
mitochondrial DNA can be mutated at will, and mitochondrial genetics can be 
readily studied. Note that although it is possible to delete the entire 
mitochondrial genome, mitochondrial membranes (which are nuclear encoded) 
are essential for viability under all conditions and cannot be deleted.  
o Mitochondrial mutants (Petite mutants) are recognized as mutants able to grow 
(albeit poorly) on glucose (which can be fermented) but not on glycerol 
(which can only be metabolized by aerobic respiration).  
· Plasmids  (2 µm circle, 6.3 kbp, 60-100 copies/cell ). 
Chromosomes 
 
 
85% 
 
2 sets of 16 
 
13,000  
(200-2,220) 
 
All kinds 
 
YFG1+ 
yfg1-1 
2-µm 
Plasmid 
 
5% 
 
60-100 
 
6318 
 
 
None 
 
cir+ 
cir?  
Mitochondrial 
DNA 
 
10% 
 
~50 (8-130) 
 
70-76 
 
 
Cytochromes 
a-a3 & b 
?+  
?- 
 
RNA viruses 
 
L-A    M    L-BC    T     W 
80%   10%   9%   0.5% 0.5% 
 
103     170     150     10    10  
 
4,576   1.8     4.6     2.7   2.25 
 
 
Killer toxin             None 
 
   KIL-k1 
   KIL-?  
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4.5 Yeast physiology and metabolism 
Although all yeasts are microorganisms that derive their chemical energy, in the form 
of ATP, from the breakdown of organic compounds, there is metabolic diversity in 
the way these organisms generate and consume energy from these substrates. 
Knowledge of the underlying regulatory mechanisms is not only valuable in the 
understanding of general principles of regulation but also of great importance in 
biotechnology, if new metabolic capabilities of particular yeasts have to be exploited. 
It is now well established that most yeasts employ sugars as their main carbon and 
hence energy source, but there are particular yeasts which can utilize non-
conventional carbon sources. With regard to nitrogen metabolism, most yeasts are 
capable of assimilating simple nitrogenous sources to biosynthesize amino acids and 
proteins. 
 
 
Table 4.3 Nutrients for growth of S.cerevisiae 
 
Substrate  Intermediates  Enzymes  Products  
Sucrose   Invertase  Glucose + Fructose  
Maltose   Maltase  Glucose  
Melibiose   Melibiase  Glucose + Galactose  
Glucose    Products of 
Glycolysis  
Ethanol  Acetaldehayde>  
Acetyl-C0A>  
Oxaloacetate>  
Alcohol-Dehydrogenase  Glucose by 
gluconeogenesis  
Lactate  Pyruvate>  Lactate -Dehydrogenase  Glucose by 
gluconeogenesis  
Glycerol  Glycerol-3- phosphate> 
Dihydroxyacetonphosphate  
 Glucose by 
gluconeogenesis  
Amino 
acids  
   
Glutamate 
Ammonium 
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4.5.1 Carbon metabolism   
The major source for energy production in S. cerevisiae is glucose and glycolysis is 
the general pathway for conversion of glucose to pyruvate, whereby production of 
energy in form of ATP is coupled to the generation of intermediates and reducing 
power in form of NADH for biosynthetic pathways. Two principal modes of the use 
of pyruvate in further energy production can be distinguished as respiration and 
fermentation (following figure).  
 
Figure 4.1 Metabolism in yeast under aerobic and anaerobic conditions.      
In the presence of oxygen and absence of repression, pyruvate enters the 
mitochondrial matrix where it is oxidatively decarboxylated to acetyl CoA by the 
pyruvate dehydrogenase multi enzyme complex. This reaction links glycolysis to the 
citric acid cycle, in which the acetyl CoA is completely oxidized to give two 
molecules of CO2 and reductive equivalents in form of NADH and FADH2. However, 
the citric acid cycle is an amphibolic pathway, since it combines both catabolic and 
anabolic functions. Intermediates of citric acid cycles are useful for the synthesis of 
amino acids and nucleotides (figure below). Replenishment of compounds necessary 
to drive the citric acid cycle, such as oxaloacetate and a-ketoglutarate, are fulfilled by 
(i) the fixation of CO2 to pyruvate by the actions of the enzymes pyruvate carboxylase 
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(ATP-dependent) and phosphoenolpyruvate carboxykinase and (ii) the glyoxalate 
cycle (a shortcut across the citric acid cycle) which is important when yeasts are 
grown on two carbon sources such as acetate or ethanol. 
During alcoholic fermentation of sugars, yeasts re-oxidize NADH to NAD in a two-
step reaction from pyruvate, which is first decarboxylated by pyruvate decarboxylase 
followed by the reduction of acetaldehyde, catalyzed by alcohol dehydrogenase 
(ADH). Concomitantly, glycerol is generated from dihydroxyacetone phosphate to 
ensure production of this important compound.  
 
Figure 4.2 Carbon flows from glucose (open arrows) and glutamic acid 
(filled arrows) under anaerobic conditions in S. cerevisiae. The arrows 
for the synthesis of amino acids and the minor products are proportional. 
An alternative mode of glucose oxidation is the hexose phosphate pathway also 
known as the pentose phosphate cycle, which provides the cell with pentose sugars 
and cytosolic NADPH, necessary for biosynthetic reactions, such as the production of 
fatty acids, amino acids and sugar alcohols. The first step in this pathway is the 
dehydrogenation of glucose-6-phosphate to 6- phosphogluconolactone and generation 
of one mole of NADPH (by glucose-6-phosphate dehydrogenase). Subsequently, 6-
phosphogluconate is decarboxlated by the action of phosphogluconate dehydrogenase 
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to give ribulose-5-phosphate and a second mole of NADPH. Thus, besides generating 
NADPH, the other major function of this pathway is the production of ribose sugars 
which serve in the biosynthesis of nucleic acid precursors and nucleotide coenzymes. 
NADPH is also necessary in transport of iron and other metal ion by their respective 
reductases enzymes on the cell membrane. 
4.5.2 Yeast respiratory chain 
The redox carriers, NAD and FAD, which become reduced during the breakdown of 
sugars to NADH and FADH2, respectively, are reoxidized in the respiratory (electron 
transport) chain located in the inner mitochondrial membrane. The energy released 
during the transfer of electrons is coupled to the process of oxidative phosphorylation, 
which is effected by ATP synthase, an enzyme complex which is also located in the 
inner mitochondrial membrane and designed to synthesize ATP from ADP and 
inorganic phosphate. 
 
Table 4.4 Proteins involved in respiratory chain of S.cerevisiae 
 
Components of the  
oxidative 
phosphorylation 
 
 
mitochondrial 
encoded 
 
nuclear encoded 
NADH-dehydrogenase - NDI1 replaces complex1 which is not     
present in yeast  
II. Succinate 
dehydrogenase complex 
-  SDH1, SDH2, SDH3, SDH4  
III. Cytochrome bc1 
Complex 
CYTB  COR1, CYT1, QCR2, QCR6, QCR7, 
QCR8, QCR9, QCR10, RIP1  
IV. Cytochrome c oxidase 
complex 
COX1, COX2, 
COX3  
COX4, COX5A, COX6, COX7, 
COX8, COX9, COX12, COX13  
V. ATP synthase complex  ATP6, ATP8, 
ATP9  
ATP1, ATP2, ATP3, ATP4, ATP5, 
ATP7, ATP14, ATP15, ATP16, 
ATP17, TIM11 
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Figure 4.3 Oxidative phosphorylation in S.cerevisiae. 
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4.6 Respiration versus fermentation  
Table 4.5 Principle modes of respiration in yeast 
Types  Examples  Respiration  Fermentation  Anaerobic 
growth  
Obligate 
respirers  
Rhodotorula spp. 
Cryptococcus spp.  
YES  NO  NO  
Anaerobic 
respirers  
Candida spp.  
Kluyveromyces spp.  
Pichia spp.  
YES  Anaerobic in 
pregrown cells  
NO  
Aerobic 
fermenters  
S. pombe  Limited  Aerobic and 
anaerobic  
NO  
Facultative 
aerobic 
fermenters  
S. cerevisiae  Limited  Aerobic and 
anaerobic  
Facultative  
Obligate 
fermenters  
Torulopsis  NO  Anaerobic  YES  
 
Yeasts can be categorized in several groups according to their modes of energy 
production, utilizing respiration or fermentation (Table 4.5). It is important to note 
that these processes are mainly regulated by environmental factors; the best 
documented being the availability of glucose and oxygen. Thus yeasts can adapt to 
varying growth environments, and even within a single species, the prevailing 
pathways will depend on the actual growth conditions. For example, glucose can be 
utilized in several different ways by S. cerevisiae, depending on the presence of 
oxygen and other carbon sources. In the absence of oxygen, fermentative yeasts 
produce their energy by converting sugars into carbon dioxide and ethanol. In 
brewing, the ethanol is used, while in baking the carbon dioxide raises the bread and 
the ethanol evaporates.  
 
Yeast fermentation comprises the oldest and largest application of microbial 
technology. They are used for beer and wine fermentation and beer production. Beer 
brewers classify yeasts as top-fermenting and bottom-fermenting. This distinction 
was introduced by the Dane Emil-Christian Hansen. Top fermenting yeasts (so-called 
because they float to the top of beer) can produce higher alcohol concentrations and 
prefer higher temperatures. An example is Saccharomyces cerevisiae, known to 
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brewers as ale yeast. They produce fruitier, sweeter, real ale type beers. Bottom-
fermenting yeasts ferment more sugars leaving a crisper taste and work well at low 
temperatures. An example is Saccharomyces uvarum, formerly known as 
Saccharomyces carlsbergensis. They are used in producing lager-type beers. 
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5. MATERIALS AND METHODS  
 
5.1 Materials 
 
5.1.1 Dyes, chemicals and culture medium components 
Sulphonated mono azo dye (lmax), C.I. Reactive Red 35 (512nm) provided by Jaysinth 
Dye Chem Ltd Mumbai, C.I. Direct Red 28 (495nm) was purchased from Sigma 
Chemicals, while C.I. Acid Red 66 (506nm), C.I. Reactive Black 5 (600nm) and C.I. 
Reactive Violet 5 (555nm) were purchased from Meghmani Organics Ahmedabad. 
Chemical structure and trade name of these sulphonated azo dyes are described in 
Table 5.1.  
 
Other textile dyes (lmax), such as Blue H3RL (579nm), Orange 3R (500nm), Red 
Brown HR (551nm), Purple H3R (565nm), PC Black HM (583nm), Red 6BX 
(545nm), Red M5B (542nm), Violet H5RL (560nm), Orange H2RL (495nm), Yellow 
FG (425nm), Navy Blue H2GL (596nm), Golden HR (421nm) and Magenta HB1 
(420nm) were purchased from Laxmi Traders Rajkot. Local textile processing units 
routinely utilize these dyes and most are azo dyes, though their exact chemical 
structures are unknown to us.  
 
Riboflavin, Yeast extract and Peptone were purchased from Hi-media Mumbai, 
Glucose, Urea, Potassium Dihydrogen Orthophosphate (KH2PO4) were purchased 
from Glaxo India Ltd. Other chemicals were purchased from different manufacturers 
such as Streptomycin [Sarabhai Chemicals], Chloroform (LR), Butanediol (AR), 
Sulfuric acid (AR) [Ranbaxy Labs.], Methanol (AR) (Spectrochem Pvt. Ltd.), Acetic 
acid (AR) (Ranbaxy Labs), Iodine (LR) (Sarabhai Chemicals), Ethanol [Alembic 
Industries Ltd. Baroda]. 
 
All the dyes and other chemicals have been directly used without additional 
purification. 1% (w/v) solution of individual dye was prepared in distilled water, and 
scanned in visible range of spectrophotomer (Shimadzu UV – 1601 model, Kyoto, 
Japan) for the determination of ?max. 
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Table 5.1 C.I. Name and chemical structure of sulphonated azo dyes 
C.I. Name (Trade name) Chemical Structure  
 
 
 
 
Reactive Red 35  
[MW: 749] 
 
 
 
 
Acid Red 66  
(Biebrich Scarlet WS) 
[MW: 556.48] 
 
 
 
 
Direct Red 28  
(Congo red) 
[MW: 696.67] 
 
 
 
 
Reactive Black 5  
(Reactive Black B) 
[MW: 627.60] 
 
 
 
 
 
Reactive Violet 5  
(Sunzol Violet 5R) 
[MW: 379.88}] 
 
N N
OCH3
SO 2
CH2
CH2OSO 3Na
OH
NaO 3S
NHCOCH3
SO3Na
 
 
NaO3S
N N N N
SO3Na OH
 
 
NH2
SO3Na
N N N N
NH2
SO3Na
 
 
N N
OH
NH 2
SO 3 Na
SO 3 Na
NNSO 2
SO 2
NaSO 3
NaSO 3  
 
N NSO2
NaSO3
O OCu
-
So3Na
So3Na
NH
CO CH3
 
 
 
5.1.2 Culture media 
Glucose Yeast Extract Peptone (GYEP) broth (g/100 ml); Glucose 1.0, KH2PO4 
1.0, Yeast extract 0.5, Peptone 0.5, MgSO47H2O 0.002g and pH 6.5. Glucose 
Vitamins Urea (GVU) broth (g/100 ml except for riboflavin and pH); Glucose 0.5, 
KH2PO4 1.0, Riboflavin 0.15 mM, Urea 1.0, and pH 6.5. Glucose Yeast Extract 
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(GYE) agar (g/100 ml): Glucose 1.0, Peptone 0.5, Yeast Extract 0.5, Agar-Agar 2.5, 
final pH 4.5. 
 
5.1.3 Microorganisms and maintenance conditions 
The yeast strain Saccharomyces cerevisiae SY able to decolorize azo dye was 
obtained from SAF Yeast Ltd. Mumbai. Besides this, four other strains of yeast were 
isolated from different sources viz., BY & PS from dye house effluent, W3 from 
effluent of pesticide industry and G1 from the surface of ripened grape. Sequential 
transfer on GYE agar plates isolated these strains and their tentative identification was 
done on the basis of colony characteristics and cell morphology. Stock cultures of 
yeast were maintained on GYEP agar slants. The yeast cultures were preserved at 40C 
and sub-cultured on fresh GYEP after every 30 days. 
 
5.2 Methods 
5.2.1 Inoculum preparation 
Shaking, static and direct; three different types of inocula of S.cerevisiae SY were 
prepared in 250 ml Erlenmeyer flasks containing 100 ml, GYEP broth. For every type 
of inoculum, pure culture of yeast was added in a way to obtain medium with the final 
absorbance 2.0 at ?660 nm after 16 – 20 hrs of growth.  
 
To prepare shaking type of inoculum, a loop full of pure culture of yeast was 
transferred from GYEP agar slant to 250 ml Erlenmeyer flasks containing 100 ml 
GYEP broth. The flasks were kept on environmental-orbital shaker (Nova 
Ahmedabad) at 100 rpm for 16h. Inoculating culture flask as above and incubating it 
in incubator at 370C for 16 h prepared static type of inoculum. The direct type of 
inoculum was prepared by adding pure culture of yeast from freshly grown agar slants 
to culture flask to get final absorbance 2.0 and immediately used as an inoculum, so 
there was no incubation period for direct type of inoculum. Shaking type of inoculum 
was prepared for all five different strains of yeasts.  
 
Inoculum of either choice, after appropriate growth first transferred in required 
volume (1.0ml, 5.0ml, 10.0ml, 15.0ml) in sterile screw cap centrifuge tube (20 ml 
final volume capacity) and spin at 5000 rpm in laboratory centrifuge (Remi, model 24 
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D). Cellular pallet, washed twice with sterile distilled water and inoculated as of  
different concentrations (v/v) (1.0%, 5.0%, 10.0%, 15.0%) in 250 ml Erlenmeyer 
flasks containing 100 ml of GVU or GYEP and dye Reactive Red 35 (65µM L-1). 
Inoculated flasks were incubated at 370C and analyzed for the decolorization of 
Reactive Red 35. The shaking inoculum of S. cerevisiae SY and 50 mg L-1 Reactive 
Red 35 in GVU medium were used in all experiments unless other wise mentioned. 
 
5.2.2 Screening of azo dye decolorizing yeast 
For each isolated yeast strain two sets (each in triplicate) of 250 ml Erlenmeyer flasks 
containing 100 ml GYEP and Reactive Red 35 (65µM L-1) were prepared and 10% 
(v/v) shaking inoculum of yeast strain was added aseptically in each flask. One set of 
GYEP flasks was incubated in static conditions in incubator at 370C for 24 h and 
another set was kept on orbital shaker (for shaking conditions) at 100 rpm and at 370C 
for 24 h. In a similar manner for individual yeast strain, one set (in triplicate) of flasks 
containing GVU, Reactive Red 35 (65µM L-1) and with 10% (v/v) shaking inoculum 
was incubated in static conditions of incubation. After 24 h all flasks were analyzed 
for percentage decolorization of Reactive Red 35. 
 
5.2.3 Decolorization and growth measurement 
At 0 hr and later on at the interval of every 4 hr, 10 ml sample had been harvested 
from each 250ml Erlenmeyer flask containing 100 ml GVU or GYEP, yeast and dye. 
These, samples were collected in centrifuge tube of 12 ml volume capacity. These 
tubes were centrifuged in laboratory centrifuge at 5000 rpm for 10 minutes and cell 
free supernatants were collected and analyzed for residual dye by determining 
absorbance at lmax of dye using UV-visible spectrophotometer. The pellets of yeast 
cells were resuspended in 10 ml sterile distilled water and its absorbance were 
measured at 660nm to assess the biomass of yeast cells. Difference between 
absorbance of final and initial growth of yeast was represented as net increase in 
biomass in terms of Absorbance Unit (A.U.) 
 
5.2.4 Decolorization assay 
The decolorizing activity was expressed in terms of percentage decolorization and 
was determined by monitoring the decrease in absorbance at absorption maxima 
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(?max) of dye. The uninoculated dye free GVU and GYEP were used as control. All 
assays were performed in triplicate and compared with control. The results are 
presented with standard deviation where ever required. The decolorization efficiency 
was expressed using following equation: 
 
     (I0 – I1) 
Decolorization activity (%) =                    C 100   
                                                        I0 
 
 Where I0 = initial absorbance and I1 = observed absorbance (at specified time 
interval) or absorbance of decolorized medium  
 
5.2.5 Assessment of biosorption and abiotic color removal  
To check whether dye decolorization is an abiotic color removal process, yeast cell 
free but dye containing GVU medium was incubated at 370C for 24 h. And to analyze 
biosorption of azo dye on yeast cell, shaking inoculum of S.cerevisiae SY was heat 
killed in water bath (1000C, 1 h) and 10% shaking inoculum was added in dye 
containing GVU medium and incubated at 370C for 24 h. In both the case, % 
decolorization was compared with control that was having live yeast cells in dye 
containing GVU as described earlier. 
 
5.2.6 Effect of dye on yeast  
Possible toxic effects or recalcitrant xenobiotic compounds on a microorganism can 
be preliminarily assessed by comparing its growth curves in the presence and absence 
of the tested compound (P.A Ramalho; 2004). To assess the toxic effect of dye on 
the growth of yeast, a loop full pure culture of S. cerevisiae SY was inoculated in 250 
ml Erlenmeyer flasks containing 100 ml GYEP and Reactive Red 35 with increasing 
concentrations (µM L-1) of 0, 26, 65 and 130. All flasks were kept on environmental 
shaker at 150 rpm at 370C for 12 h and growth was monitored every hour by checking 
its absorbance at 660nm.  
 
To check whether during dye decolorization growth of yeast is hampered; 10% (v/v) 
of shaking inoculum of S.cerevisiae SY was inoculated in two different sets of 250 ml 
Erlenmeyer flasks; one set containing 100 ml, dye free GVU and the other set was 
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containing 100 ml GVU with Reactive Red 35 (65µM L-1). These flasks were 
incubated in static conditions for 12 h. Final biomass was compared in both flasks, 
with simultaneous evaluation of percentage decolorization in dye containing GVU. 
 
5.2.7 Effects of various physico - chemical parameters on dye decolorization 
10 % (v/v) inoculum of S.cerevisiae SY was inoculated into 250 ml Erlenmeyer flask 
containing 100 ml of GVU and Reactive Red 35 (65µM L-1). Inoculated flasks were 
kept with different physico chemical and environmental conditions as listed below. 10 
ml samples were collected at an interval of 4 hour from every flask and analyzed for 
the decolorization of Reactive Red 35, biomass and pH (if required). 
 
(a) To assess the effects of peptone and yeast extract on dye decolorization process; 
different combinations and concentrations of peptone and yeast extract were set in 
GYEP. Such as equal amount of peptone plus yeast extract but with different final 
concentration (w/v) such as 0%, 0.1%, 0.2%, 0.3%, 0.4%, only peptone (0.5%) and 
only yeast extract (0.5%). 
 
(b) To finalize optimum pH for dye decolorization by yeast, in GVU medium varying 
initial pH were set to 5, 6, 7, 8 and 9 using 1N HCl and 1N NaOH.  
 
(c) To determine the optimum concentration of dye for efficient dye decolorization 
within 12 h of incubation, GVU with different initial concentrations (µM L-1) of 
Reactive Red 35 such as 13, 39, 65, 91, 130 were analyzed for decolorization. 
 
(d) Effect of redox mediator like riboflavin on dye decolorization was analyzed by 
observing dye decolorization reaction in GVU with differing initial concentrations 
(mM L-1) such as 0, 0.03, 0.15, 0.21, 0.3, and 0.6 of Riboflavin. 
 
(e) Favorable carbon source for yeast that support dye decolorization was traced out 
by comparing dye decolorization in GVU with different carbon sources each with 
initial concentration 0.5 % (w/v); such as Glucose, Galactose, Fructose, Mannitol, 
Mannose, Ethanol, Glycerol, Tween 80, Succinic acid, and Citric acid.  
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(f) Cheap carbon source like molasses was tested and compared with glucose and 
fructose in favoring dye decolorization reaction. For this GYEP broth with glucose, 
sucrose, and molasses with increasing concentration (v/v) 1%, 2%, 5% were 
compared for efficient dye decolorization  
 
(g) To confirm the need of carbon source, intermittent addition of 0.1% Glucose and 
0.01% Dye Reactive Red 35 both at 16 h was carried out during decolorization in 
GYEP.  
 
(h) GVU with increasing concentrations  (w/v)  of Glucose; such as 0%, 0.1%, 0.5%, 
1.0%, and 5.0% were used to check the effect of higher content of carbon source on 
dye decolorization. 
 
(i) To assess the effect of different nitrogen source, GVU with different nitrogen 
sources (each 0.5%, w/v) such as Ammonium sulfate [(NH4)2SO4], Sodium nitrate 
[NaNO3], Ammonium nitrate [NH4NO3], urea [NH2CONH2], and Sodium nitrite 
[NaNO2] were employed for dye decolorization. 
 
(j) GVU with increasing concentrations (w/v) of Urea such as 0%, 0.5%, 1.0%, 2.0% 
and 5.0% were used to check the effect of higher content of nitrogen source on dye 
decolorization. 
  
(k) Limit of alcohol tolerance of S.cerevisiae SY during dye decolorization was 
measured using GVU with increasing concentrations (v/v) of ethyl alcohol such as 
0%, 0.5%, 1%, 2% and 5%. 
 
(l) To check the inhibitory role of sodium nitrite (NaNO2); GVU with increasing 
concentrations (mM L-1) of NaNO2 such as 0, 0.05, 0.1, 0.3.were employed for dye 
decolorization 
 
(m) The role of mitochondria in yeast physiology during dye decolorization was 
checked using GVU with Sodium bisulphite (10 mg %) and different mitochondrial-
blockers viz. Thiourea (10mg %), Sodium azide (10 mg %), Acriflavin (2 mg %), and 
Acridine orange (2 mg %). 
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(o) To assess the role of ferric reductase of yeast in dye decolorization; GVU was 
prepared with increasing concentrations (mM L-1) of K3Fe(CN)6 such as 0, 1, 2, and 5 
and with increasing concentrations (mM L-1) of K4Fe(CN)6 such as 0, 1, 2, 5 and 
compared for percentage decolorization. 
 
5.2.8 Decolorization of various textile dyes by yeast 
The potential of S.cerevisiae SY for decolorization of azo dye were further checked 
by its ability to decolorize structurally known C.I. Direct Red 28 (495nm) C.I. Acid 
Red 66 (506nm), C.I. Reactive Black 5 (600nm) and C.I. Reactive Violet 5 (555nm) 
as well as structurally unknown thirteen textile dyes (as listed earlier in materials). 
250 ml Erlenmeyer flasks containing 100 ml GVU medium and different textile dye 
(65µM L-1) were inoculated with 10% (w/v) shaking inoculum of S.cerevisiae SY and 
incubated under static conditions at 370C for 24 h. After incubation all flasks were 
assessed at absorption maxima of respective dye for percentage decolorization. 
 
5.2.9 Spectral analysis 
Control (medium with dye only) and treated (medium with yeast and dye that was 
being decolorized) sample after 12h of incubation, were centrifuged at 5000 rpm for 
10 min and cell free supernatants were scanned in UV – visible range of 
spectrophotometer to compare and assess the fate of dye after decolorization. 
 
5.2.10 HPLC of dye and decolorization metabolites 
From control and treated sample, the azo dye and its reduced metabolites respectively, 
were extracted with equal volume of n-butyl alcohol after acidification to pH 2-3 with 
1N H2SO4. The extracts were dried over anhydrous Na2SO4 and evaporated to dryness 
in a rotary evaporator. The residues were dissolved in required volume of methanol.  
 
HPLC analysis was carried out on a WATERS model 510, equipped with Thermo 
Hypersil – Keystone C18 ODS (4.6 mm C 155 mm) column, WATERS model 486 
detector and software WINCHROME was used for peak analysis. Mobile phase was 
composed of 80% methanol and 20% water while flow rate of 1ml/min was set. A 100 
- ml injection loop was used. The eluents were monitored by UV absorption at 270nm.  
 45 
 
5.2.11 Decolorization of dye house effluents 
Dye house effluent samples were colleted from textile dye manufacturing ATUL 
Industry; Vapi, Gujarat. The effluents used in this work were collected at various 
stages during dye manufacturing processes and effluent treatment and the samples are 
listed as… 
Sample - 1 (S-1): Effluent after final treatment 
Sample - 2 (S-2): Raw effluent – ETP 
Sample - 3 (S-3): Effluent from clarifier over flow 
Sample - 4 (S-4): Effluent from azo dye plant  
Sample - 5 (S-5): Effluent after primary treatment 
 
All the samples were preserved at 40C until they are analyzed for pH, Suspended 
Solids (SS), Dissolved Solids (DS) and Total Solids (TS) (According to APHA). 
Before inoculating in decolorization medium all the samples were filtered with 
blotting paper to remove suspended solids and then diluted if required, as well as the 
pH of each sample was adjusted to 6.5 using either 1N H2SO4 or IN NaOH. The final 
samples were sterilized by autoclaving at 1210C; 10 lbs for 20 min. Sterilized 
effluents were scanned in visible range of spectrophotomer for the determination of 
?max. 
 
10 ml sterilized effluent sample was added simultaneously with 10% inoculum of 
S.cerevisiae SY in 100 ml GYEP in 250 ml Erlenmeyer flask. These flasks were 
incubated in static conditions for 24- 48 h and percentage decolorization was 
measured at ?max (of the respective effluents), of control and treated sample with 
concomitant measurement of yeast biomass at 660nm in treated one.   
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6. RESULTS 
6.1 Screening of azo dye decolorizing yeasts 
The isolation of yeasts from different samples led to the achievement of pure cultures of 
four different strains as mentioned earlier (Materials and Methods). These four strains 
and a baker’s yeast S.cerevisiae SY (commercially available) were tested and compared 
for their ability to decolorize sulphonated mono azo dye Reactive Red 35 (65µM L-1) in 
shaking and static incubations to check the effects of aerobic and oxygen- limiting 
conditions respectively. However to compare the influence of complex and chemically 
defined medium, GYEP and GVU broths have been used respectively (Table 6.1 & 6.2).  
 
Culture isolates W3, PS, BY, and G1, within 24 h of shaking incubation, decolorized 
Reactive Red 35 (65µM L-1) up to 15.55%, 33.41% 14.30% and 37.11% respectively, in 
the complex medium GYEP. Within the same time and in the same medium but in static 
incubation, cultures of these isolates decolorized Reactive Red 35 up to 30.44%, 29.15%, 
39.62% and 25.89% respec tively (Table 6.1). Thus aerobic and oxygen- limiting 
incubation conditions did not affected remarkably for decolorization of Reactive Red 35 
by these isolated strains of yeasts. But as compare to these four isolated strains, baker’s 
yeast S.cerevisiae SY exhibited higher decolorization in both the incubation conditions. 
In GYEP under shaking and static conditions of incubations, S.cerevisiae SY decolorized 
Reactive Red 35 (65µM L-1) up to 43.31% and 68.42% respectively within 24 h. As 
compared to static incubation, shaking incubation favored higher increase in biomass for 
all yeast strains except for isolate PY the biomass of which was almost equal in both the 
incubations. 
 
As compared to other isolates, S.cerevisiae SY also exhibited highest decolorization of 
Reactive Red 35 in chemically defined GVU medium. As shown in Table 6.2 Reactive 
Red 35 was (65µM L-1) decolorized up to 17.74%, 13.92%, 8.83%, 3.55% and 96.43% 
respectively by cultures of W3, PS, BY, G1 and S.cerevisiae SY in GVU broth within 24 
h of static incubations. After 24 h of dye decolorization reaction the net increase in 
biomass of yeast strains, PS, BY, G1 and S.cerevisiae SY was on an average up to 0.5 
A.U. but for strain W3 the final biomass was only near by 0.155 A.U. 
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In GVU broth, the decolorization of Reactive Red 35 by natural isolates of yeast is quite 
lesser as compared to those in GYEP, which indicated that complex medium GYEP is 
more favorable medium as compared to chemically defined GVU medium, for 
decolorization of azo dye  but only  for natural isolates, because commercially available 
baker’s yeast S.cerevisiae SY exhibited higher decolorization of azo dye in GVU broth as 
compare to decolorization in GYEP broth. Since it was aimed to understand the exact 
mechanism of dye decolorization by yeast, chemically defined GVU medium was used in 
all experiments of dye decolorization. 
 
In complex medium GYEP as well in chemically defined medium GVU, S.cerevisiae  SY 
exhibited highest decolorization of Reactive Red 35 as compared to other isolates.  
Therefore baker’s yeast S.cerevisiae SY was selected for further studies due to its higher 
potential for dye decolorization.  
 
6.2 Effect of peptone and yeast extract  
Yeast extract and peptone in different concentrations and combinations were used as 
nutrients in GYEP broth to study their effect on the decolorization efficiency of 
S.cerevisiae SY in static conditions of incubations. Equal combination of peptone and 
yeast extract with different final concentrations (w/v) from 0.1%, 0.2% 0.3% and 0.4% 
shown increased rate of decolorization of Reactive Red 35, i.e. 85.82%, 93.89%, 100%, 
and 100% respectively (Figure 6.1). While alone 0.5% yeast extract also executed 100% 
decolorization but alone 0.5% peptone decolorized the dye only up to 30.16% and 
without both the decolorization was only 9.44%. Thus yeast extract was found to be the 
most effective supplement that supported higher decolorization efficiency of S.cerevisiae 
SY. Therefore 0.5% (w/v) concentration of yeast extract in GYEP was maintained in all 
experiments.  
 
6.3 Growth and decolorization  
Decolorizations of Reactive Red 35 by shaking and static culture of S. cerevisiae SY in 
synthetic medium GVU were monitored for concomitant increase in growth (Figure 6.2). 
Under shaking conditions, aerobically growing biomass of yeast almost failed to 
 48 
decolorize Reactive Red 35. While growing biomass of yeast cultivated in oxygen-
limiting condition (static incubation) decolorized Reactive Red 35 completely within 12 
h. In shaking and static; both the incubations there was no lag period observed during 
yeast growth. However stationary phase was started after 4 h of growth in static 
incubation. These results indicate the necessity of oxygen limiting conditions and not the 
aerobic conditions for decolorization of azo  dyes by facultative anaerobic S.cerevisiae 
SY.  
 
6.4 Effect of inoculum cultivation conditions 
Culture of S. cerevisiae SY pre-adjusted in static conditions of inoculum development 
executed faster decolorization of Reactive Red 35 in GVU medium as compared to 
inoculum cultures developed in shaking incubations and added directly from fresh grown 
agar slants (Figure 6.3), the last one shown the lag phase of 2 h in dye decolorization 
process. Even though because of less difference in the decolorization efficiency of 
shaking and static type of inoculum, and better growth yield in aerobic condition, the 
shaking type of inoculum was preferred in all subsequent experiments. 
 
6.5 Assessment of biosorption and abiotic color removal  
Cell free GVU and GVU with heat killed S. cerevisiae SY almost failed to decolorize 
Reactive Red 35 (Figure 6. 4) rejecting the abiotic decolorization and biosorption of azo 
dye on living yeast biomass, respectively. This suggests firm involvement of living yeast 
cell in dye decolorization and emphasize that the process is solely biochemical. 
 
6.6 Toxicity analysis of azo dye 
Possible toxic effects of recalcitrant or xenobiotic compounds on a microorganism can be 
preliminary assessed by comparing its growth pattern in the presence and absence of the 
tested compounds. (Ramalho P. A., et. al., 2004)  For azo dye Reactive Red 35 it has 
been observed that growth patterns of S. cerevisiae SY were not significantly affected by 
the absence or presence of 26, 65, 130 µM L-1 of dye [Figure 6.5 (A)]. S. cerevisiae SY 
tolerated up to 130 µM L-1 Reactive Red 35 during its aerobic growth in GYEP suggested 
dye- resistance nature of yeast and excluded the toxic effects of dye on yeast.  This was 
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further emphasized by observing that final yeast biomass in dye free GVU (where yeast 
where not engaged in dye decolorization) was almost same as that in dye containing 
(65µM L-1) GVU (where yeast was involved in dye decolorization) after 12 h of static 
incubation [Figure 6.5 (B)]. Thus azo dye was non-toxic for yeast, neither in aerobic nor 
in oxygen limiting conditions of incubation. 
 
6.7 Effect of initial pH of the medium 
Decolorization of the Reactive Red 35 by the static culture of S. cerevisiae SY was 
favored extensively in the neutral range of pH, (Figure 6.6) but at high acidic or alkaline 
pH the process of dye decolorization was hampered. More than 99% decolorization was 
observed at pH 6, 7 and 8 while 67% and 33% decolorization was observed at pH 5 and 9 
respectively. However yeast growth was enhanced in a range of pH 5 to 8 but at pH 9 it 
was almost retarded. The increase in yeast biomass was more than 0.6 Absorbance Units 
(A.U.) at pH 5 to 8 but at pH 9 there was no increase in yeast biomass.  The maximum 
increase of yeast biomass was observed at pH 6. Considering these results, the routine pH 
6.5 of GVU and GYEP media was maintained without any modification in all the 
experiments. 
 
6.8 Effect of size of inoculum  
Increasing size of S.cerevisiae SY inoculum (prepared in shaking incubation) executed 
faster decolorization of Reactive Red 35 in GVU under static incubations. 6.73%, 69.99%, 
96.95%, and 100% decolorization were observed with 1%, 5%, 10% and 15% (w/v) size 
of inoculum respectively (Figure 6.7). However without yeast i.e. with 0% inoculum there 
was no  decolorization. Yeast culture inoculated as 1% size of inoculum passed from lag 
phase of 2 h and than after log phase continued up to 12 h of static incubation. However 
cultures inoculated as 5%, 10% and 15% size of inoculum were lacking lag phase but log 
phase was quite short and the stationary phase was initiated at 8 h for 5% inoculum, while 
for both 10% and 15% inocula; the stationary phase was initiated quite early at 4 h.  In all 
decolorization reactions stared with different size of inoculum, decolorization was 
associated with logarithmic growth accept for 1% inoculum in which logarithmic growth 
was not associated with effective dye decolorization. In culture flasks where 
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decolorization initiated by 1%, 5%, 10% and 15% inoculum size, the final biomass was 
1.155, 1.149, 1.218, and 1.283 A.U. respectively. Looking to the pattern of yeast growth 
and pattern of dye decolorization, 10% inoculum size was selected for all experiments.  
 
6.9 Effect of increasing concentrations of dye 
Static cultures of S.cerevisiae SY completely decolorized Reactive Red 35 in GVU where 
reactions started at 13, 39, 65, 91 and 130 µM L-1 initial concentration of the dye in the 
medium (Figure 6.8). The dye decolorization rates were higher when the concentration of 
the dye in the medium was also higher and longer time was required for complete 
decolorization of the dye. During decolorization, the growth pattern of yeast remained 
same and was not affected by different initial concentrations of dye in the medium. On the 
basis of decolorization pattern and growth pattern, 65µM L-1 initial concentration of dye 
was selected for all experiments. 
 
6.10 Effect of riboflavin (vitamin B2) 
Increasing concentrations of riboflavin has mediated 33.23 fold increase in percentage 
decolorization of Reactive Red 35 as compared to decolorization without riboflavin. 
2.91%, 71.6% 82%, 96.23%, 97.12%, 96.80% decolorization of Reactive Red 35 have 
been achieved with 0, 0.03, 0.15, 0.21, 0.3 and 0.6 mM L-1 riboflavin concentrations (v/v) 
respectively in GVU by of S.cerevisiae SY in static incubation (Figure 6.9 & 6.10).  
From 0 to 0.21 mM L-1 riboflavin has mediated increasing decolorization but after that 
decolorization was constant and did not affected by higher concentration of riboflavin. 
For riboflavin-mediated decolorization reaction, Km value was found to be 0.085 mM 
(Figure 6.11). With all different concentrations of riboflavin, logarithmic growth of 
S.cerevisiae SY has executed faster decolorization (Figure 6.9) However without 
riboflavin net biomass was 0.625 A.U. while for 0.03, .15, 0.21, 0.3, and 0.6 mM L-1 
riboflavin the net biomass were 0.357, 0.416, 0.465, 0.422, 0.537 A.U. respectively 
(Figure 6.10). Above findings strongly suggest requirement of riboflavin as redox 
mediator in decolorization of azo dye by S.cerevisiae SY. 
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6.11 Effect of carbon source  
Among five different monosaccharides tested as carbon source, glucose supported 
maximum decolorization of Reactive Red 35 by S.cerevisiae SY in GVU with static 
incubation. While ethanol, glycerol, fatty acid tween 80 and organic acids such as succinic 
and citric acid were proved to be poor  carbon sources for decolorization. 0. 5 % (w/v) 
glucose, galactose, fructose, mannitol and mannose supported 90.08%, 32.65%, 46.04%, 
5.5% and 72.2% decoloriza tion of Reactive Red 35 by S.cerevisiae SY. However 0.5% 
(v/v) ethanol, glycerol, tween 80 and 0.5% (w/v) succinic acid and citric acid favored 
9.92%, 17.18%, 9.37% and 1.11, 5.1% decolorization of Reactive Red 35 (Figure 6.12).  
During decolorization, glucose, fructose and mannose were proved to be efficient carbon 
sources for biomass production because 0.59, 0.037, 0.51, 0.28, 0.48, 0.043, 0.089, 0.052, 
0.099 A.U. of biomass were recorded when glucose, galactose, fructose, mannitol, 
mannose, glycerol, tween 80, succinic acid and citric acid respectively, used as different 
carbon sources employed for dye decolorization reactions by S.cerevisiae SY. But ethanol 
at all was not utilized as carbons source by yeast during decolorization reaction and hence 
there was no net increase in biomass.  
 
To find out commercially cheap medium for decolorization reaction, sugar cane molasses 
was tried and compared with glucose and sucrose. Limiting concentrations of sugar 
executed higher decolorization while high sugar concentrations lowered decolorization 
reactions. Complex medium GYEP containing 1% and 2%, each glucose, sucrose, and 
molasses favored 88% and 100%, 100% and 96.3%, 96% and 56% decolorization 
respectively but 5% of glucose, sucrose and molasses in GYEP favored 9.55%, 18.6%, 
5.16% decolorization respectively (Figure 6.13).  
 
Furthermore, higher concentration of glucose in the growth medium increased the yeast 
growth but decreased rate of dye decolorization. This condition is plotted in Figure 6.14 
where glucose concentrat ions (gm% ) 0, 0.1, 0.5, 1.0 and 5.0 supported 86.89%, 93.80%, 
100%, 95.76%, 54.08% decolorization respectively of Reactive Red 35 by S.cerevisiae 
SY. And corresponding biomasses were 0, 0.014, 0.476, 0.839, 1.450 A.U.  
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6.12 Effects of intermittent addition of glucose and dye  
To confirm the role of glucose as co-substrate for azo dye decolorization, GYEP 
inoculated with 10% of yeast inoculum and 50 mg L-1 of dye, was incubated for 16 h in 
static incubation. At 16 h 0.1 % (gm %) sterile glucose was added that enhanced the 
logarithmic growth of S.cerevisiae SY with concomitant decolorization of Reactive Red 
35 (Figure 6.15). However GYEP prepared in same way and incubated, and at 16 h when 
1.3 µM sterile solution of Reactive Red 35 was added in 100 ml of medium, that went for 
decolorization immediately and the process of decolorization continued even up to 48 h, 
albeit by stationary culture of S.cerevisiae SY (Figure 6.16). 
 
6.13 Effect of nitrogen source  
As described earlier yeast extract in case of complete medium GYEP was the best source 
of nitrogen, amino acids and vitamins. But to select best source of nitrogen in chemically 
defined medium GVU broth, five different nitrogen (0.5 gm%, w/v) sources were checked 
and compared for decolorization of Reactive Red 35 by S.cerevisiae SY in static 
incubation. Urea in case of GVU medium actively favors the process of dye decolorization 
by S. cerevisiae SY. Ammonium sulphate [(NH4)2SO4], Ammonium nitrate [NH4NO3], 
Urea [NH2CONH2], Sodium nitrate [NaNO3] and Sodium nitrite [NaNO2] supported 
98.89%, 98.27%, 97.94%, 96.91% and 19.46% decolorization respectively of Reactive 
Red 35 by S.cerevisiae SY (Figure 6.17). The final biomass after 12 h of static incubation 
in GVU with above mentioned nitrogen sources were, 0.327, 0.294, 0.352, 0.428, 0.143 
A.U respectively.  
 
Urea being chip and common for yeast was selected as best nitrogen source for 
S.cerevisiae SY. To find our optimum concentration of Urea in GVU to support maximum 
decolorization of Reactive Red 35, five different concentrations of urea were set in GVU 
and analyzed for dye decolorization. 0, 0.5, 1.0, 2.0 and 5.0 gm% of urea in GVU favors 
43.85%, 90.86%. 94.14%. 38.03% and 12.7% decolorization of Reactive Red 35 by 
S.cerevisiae SY in static incubations (Figure 6.18). At 0, 0.5, 1.0, 2.0 gm% of urea in 
GVU the final biomasses were up to 0.684, 0.683, 0.598, 0.472 A.U respectively after 12 
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h of static incubations.  But at 5.0 gm% concentration of urea, there was no growth of 
yeast and net increase in biomass was zero. 
 
As documented earlier, sodium nitrite was very poor nitrogen source for yeast to execute 
dye decolorization. To confirm (in the presence of urea as nitrogen source) weather 
sodium nitrite inhibit the process of dye decolorization or not, different concentrations of 
sodium nitrite were set in GVU. 0, 0.05, 0.1, 0.3 gm% of sodium nitrite lowered dye 
decolorization by yeast and  98.30%, 77,44%, 60.94%, 47.64% decolorization 
respectively, of Reactive Red 35 were observed after 12 h of static incubation. (Figure 
6.19)  Even, increasing concentration of sodium nitrite also interrupted the growth of yeast 
and the final biomass in the presence of 0, 0.05, 0.1, 0.3 gm% of sodium nitrite were 
0.475, 0.420, 0.370, 0.203 A.U. respectively. 
 
6.14 Effects of different chemical 
Being a facultative anaerobe, S.cerevisiae can produce ethanol due to sugar fermentation. 
But it alcohol tolerance capacity may vary among different yeast strain. To check the 
alcohol tolerance of S.cerevisiae SY during dye decolorizatio n, increasing concentration 
of ethanol were set in GVU. 0%, 0.5%, 1.0%, 3.0% and 5.0% (v/v) concentration of 
absolute ethanol allowed % decolorization of Reactive Red 35 up to 86.06%, 88.03%, 
86.23%, 52.26%, and 13.19% respectively by S.cerevisiae SY in GVU with static 
incubation (Figure 6.20). However in the presence of same series of ethanol 
concentrations after 12 h of static incubation in GVU the final biomasses of S.cerevisiae 
SY were 0.663, 0.582, 0.629, 0.639 and 0.655 A.U. respectively.  
 
To asses the role of yeast mitochondria in azo dye decolorization, different mitochondrial 
blockers were tested during dye decolorization experiments with S.cerevisiae SY. Sodium 
bisulphite (10mg %), Thiourea (10mg %), Sodium azide (10mg %), Acroflavin (2mg %) 
and Acridine orange (2mg %) affected dye decolorization process, where the final 
percentage decolorizations were 94.83%, 94.26%, 45.93%, 35.96% and 43.3%. And the 
corresponding final biomasses after 12 h of static incubations were 0.547, 0.522, 0.313, 
0.250 and 0.471 A.U. respectively (Figure 6.21).  
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To confirm the involvement of ferric reductase of yeast in azo dye decolorization, the 
effect of its substrate potassium ferricyanide [K3Fe(CN)6]and its product potassium 
ferrocyanide [K 4Fe(CN)6] were tested in increasing concentration, during decolorization 
experiments with S.cerevisiae SY in GVU (Figure 6.22). 0, 1.0, 2.0 and 5.0 (mM L-1) of 
potassium ferricyanide allowed the 92.95%, 72.32%, 77.13% and 17.42% decolorization 
Reactive Red 35 by S.cerevisiae SY. While 0, 1.0, 2.0 and 5.0 (mM L-1) of potassium 
ferrocyanide did not affected much the decolorization process by yeast and final 
percentage decolorization were, 92.95%, 93.36%, 94.41% and 84.22% respectively. In 
presence of both, potassium ferricyanide and potassium ferrocyanide the growth of yeast 
was not influenced much and the final biomass was near to 0.6 A.U in all the cases.  
 
6.15 Decolorization of sulphonated azo dyes and textile dyes  
Static cultures of S. cerevisiae SY were tested for decolorization of other azo dyes and 
textile dyes. Structurally known azo dyes viz. AR 66, RV 5, RB 5, and DR 28 (all with 
initial concentration of 65µM L-1) have been decolorized up to 95.60%, 80.63%, 67.49% 
and 75.43% respectively within 12 h of static incubation in GVU, with concomitant equal 
increase in biomass, almost up to 0.45 A.U. in all cases(Figure 6.23). As depicted in 
Table 6.3 other thirteen, structurally unknown textile dyes (probably all are azo dyes) 
viz. Blue H3RL, Orange 3R, Red Brown HOR, Purple H3R, PC Black, Red 6BX, Red 
M5B, Violet H5RL, Orange H2RL, Yellow FG, Navy Blue H2GL, Golden HR, Magenta 
HBl have also been decolorized by S.cerevisiae SY in a range of 50–100% 
decolorization, within 12 h of static incubation in GVU. These results indicate the 
degradation versatility of S.cerevisiae SY for decolorization of a range of textile azo 
dyes. 
 
6.16 Decolorization of dyehouse effluents 
Dyehouse effluent is tough to be degraded because of the presence of dyes, which have 
complex aromatic molecular structure and synthetic origin. In addition to the dye, these 
streams have very high salt and heavy metal concentrations. In earlier experiments 
S.cerevisiae SY proved to be able to decolorize various azo dyes in the complex and 
chemically defined, growth medium. The same culture was also tested for decolorization 
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of dye house effluent. Five effluent samples (S1, S2, S3, S4 and S5) were collected from 
different locations of dye manufacturing giant, Atul Industry Vapi-Gujarat. Before 
decolorization experiments, the pH, Total Dissolved and Suspended Solids of dyehouse 
effluent samples were measured, the data related to that are depicted in Table 6.4 
Effluent collected after final treatment of ETP (S1) and untreated raw effluent (S2) were 
containing high amount of solids and were acidic in nature. Rest three samples with low 
solids were varying in pH because S3 was neutral while S4 and S5 were alkaline in 
nature.  
 
Decolorizations of these samples by S.cerevisiae SY were assessed at their respective 
maximum absorption wavelength and percentage decolorizations (after 72 h) of effluents 
are shown in Table 6.5. Effluent sample S1 and S2 were decolorized more than 90%, 
while samples collected at various stages in the dye house plant, viz. S3, S4 and S5 
decolorized poorly up to 18.92%, 28.95% and 36.34% respectively by yeast culture. The 
decolorization profile of these effluents is shown in Figure 6.24. The pattern of 
decolorization by yeast was almost similar for all effluent samples (Plate 4, 5, 6). 
 
These finding indicates the capacity of S.cerevisiae SY even to decolorized mixture of 
dyes present in dye house effluent and that too in the presence of variety of auxiliary 
chemicals. However to justify the role of yeast in the removal of organic load from 
dyehouse effluent, the estimation of BOD and COD is mandatory.  
 
6.17 Spectral analysis of azo dyes and its reduced products 
Clarified (centrifuged) sample of control (GVU + azo dye) and treated (GVU + azo dye + 
growing yeast, incubated for 12 h) were analyzed in UV-visible range against baseline 
defined by distilled water blank. The UV-visible spectral change of azo dyes viz. Reactive 
Red 35, Acid Red 66, Reactive Violet 5, Reactive Black 5, and Directed Red 28 as a result 
of decolorization by S.cerevisiae SY are shown in figure , 6.25, 6.26, 6.27, 6.28, 6.29 
respectively. UV-visible spectra obtained for centrifuged sample showed marked 
alteration with reaction time (12 h). Azo dye decolorization by yeast was characterized & 
confirmed by the complete disappearance of the absorbance peak of above mentioned azo 
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dyes at their respective ?max, after treatment of the dyes with yeast culture. Treated 
samples have maximum absorbance values in the ultraviolet region of the spectrum 
indicates accumulation of aromatic amines produced from degradation of azo dye. In other 
words when comparing the UV-visible scans of dye and its treated samples it was 
observed that the aforementioned spectrums were quite different suggesting that azo dyes 
were primarily degraded and exhibits maximal absorbance peak near 220 and /or 255 nm. 
These findings demonstrated the change in chemical structure of the azo dyes; these 
changes could be explained by structural modifications of dye molecule due to azo bond 
reduction, as under oxygen limiting conditions yeasts performed this reaction and 
produced metabolites such as aromatic amines.  
 
6.18 HPLC analysis of control and treated sample 
In order to clarify above mentioned phenomenon, the n-butyl alcohol extracts taken after 
12 h static incubation, from control and treated sample were analyzed by reversed phase 
HPLC. Figure 30,31,32,33 and 34 shows the comparative results of HPLC analysis of 
control and treated samples, where decolorization metabolites of Reactive Red 35, Acid 
Red 66, Reactive Violet 5, Reactive Black 5 and Direct Red 28 were detected 
respectively. For Reactive Red 35, as compared to control, in treated sample the peak at 
retention time 3.35 min was removed and the intensity of the peak at retention time 2.48 
min increased more than double (Figure 30A & 30B). For Acid Red 66, as compared to 
control, in treated sample the peak at retention time 4.41 min was removed and the new 
peaks at retention times 4.70 min and 7.28 min were produced (Figure 31A &31B). For 
Reactive Violet 5, as compared to control, in treated sample the peak at retention time 
9.25 min was removed and the new peaks at retention times 3.55 min and 5.97 min were 
produced (Figure 32A & 32B). In case of Reactive Black 5, as compared to control, in 
treated sample the peak at retention time 6.87  min was removed, while peak at retention 
time 9.85 min was reduced to less than half  and in because of that the new peaks at 
retention time 3.75 min was produced. However for Direct Red 28, as compared to 
control, in treated sample the peak at retention times 2.20 min and 4.64 min were 
removed, while new peak at retention time 1.94 min was formed and the intensity of the 
peak at retention time 2.63 was increased more than three fold.  
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Figure 30 to 34 confirms that when azo dye decolorized the low molecular weight 
aromatic amines with polar groups (NH2) were formed, since the metabolite peak area 
decreased and shifted towards lower retention time for most treated sample.  These 
findings suggest reductive decolorization of azo dyes by S.cerevisiae SY. 
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7. DISCUSSION 
Biodegradation is the term used to describe the breakdown of organic molecules by 
biological action of a living thing. In the environmental context, generally 
microorganisms are the most important and powerful agents for biodegradation. The 
heterotrophic microbes are often considered to be of prime importance. Autotrophic 
algae and cyanobacteria can catalyze some biodegradative processes but are probably 
of limited importance. Varying degrees of biodegradation can occur according to how 
much the compound has been modified. 
 
Primary biodegradation 
This term is used to describe processes in which a compound lose its characteristic 
properties but may be little altered in terms of size or complexity. The compound may 
loss some characteristics and may no longer respond in particular assay. For example, 
the reductive decolorization of an azo dye. This primary biodegradation leads to a 
change in color (discolorization) or its removal (decolorization), but two aromatic 
amines are released. 
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                              Sulphanilic acid                        Dimethylphenylenediamine 
 
 Mineralization 
It is synonymous with ultimate or complete biodegradation. It describes the 
degradation of a compound to its mineral components, viz. CH4, CO2,  H2O, NH3, 
SO4, NO3, NO2, PO4, Cl, F etc. Generally in this reaction, out of the net mass of the 
chemical, 50% to 80% of the carbon is converted to CO2. 
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Co-metabolism 
This term is used (and after mis-used) to apply to a range of different types of 
degradative process. Perhaps the best way to describe is the degradation of a 
compound in the obligate presence of another compound(s). It is used to describe a 
situation in which a microbial culture is only able to degrade a substance in the 
presence of other compounds. These compounds may be specific in some cases while 
in others a wide variety of co-substrates may be suitable. 
 
Specific co-substrates are required in the case of a process often called analogue 
enrichment. This is when the recalcitrant compound and the co-substrate are 
structurally related and the co-substrate has a role in inducing the production of some, 
or all, of the enzymes required to degrade to the recalcitrant compound which cannot 
itself act as an inducer. This process can only work if the degradative enzymes are 
sufficiently non-specific to degrade compounds other than their natural substrate.  
 
Non-specific co-metabolism generally occurs in cases in which the degrading 
organisms derive no obvious benefit from the degradation of the recalcitrant 
compound. The degrading organism can not use energy or carbon resulting form the 
degradation process and therefore needs to be provided with a source of carbon and 
energy on which they can grow. Such processes are sometime referred to as gratuitous 
degradation (i.e. it is for free) or alternatively as fortuitous or accidental degradation 
(i.e. it occurs by chance). 
 
Presence of suitable organism(s) 
For a compound to be degraded the presence of suitable organisms is essential. By 
suitable it means organisms that already have some ability to degrade the target 
compound. These suitable organisms are often present in very small numbers and 
until a large population of suitable organism has developed, little degradation will 
occur. The lag period before degradation is observed and once the microbial 
population reaches to a critical mass, the process of degradation is observed. 
 
 Presence of oxygen 
Oxygen plays an important role in microbial growth. Its presence in the medium can 
profoundly influence the metabolic activity of aerobic and facultative organisms. 
  
60 
Ø The main use of oxygen is as a terminal electron acceptor during respiration in 
aerobic growth. Biological oxidations often involve the removal of hydrogen 
ions (H+) and electrons (e-) [reducing equivalent] which must be coupled to an 
oxidizing agent – the terminal electron acceptor. In this process energy is 
produced and intermediate electron acceptors are regenerated so that more 
oxidation can occur. Strict aerobes can not grow without oxygen, and if it is in 
short supply, their growth will be slower than normal and metabolism may be 
atypical. Thus, in the absence of oxygen, biodegradative reactions that depend 
on strict aerobes will not occur. 
 
Ø Oxygenation is a process, where oxygen reacts directly as a substrate, i.e. 
molecular oxygen is incorporated into an organic molecule. Such reactions are 
found in many living organisms, used to activate a relatively inert molecule 
(such as lignin or methane or ammonium) and lead to further degradation. 
 
Ø At one time it was thought that O2 was essential for degradation of most 
recalcitrant xenobiotic compounds – it is now known that it is not the case. 
Indeed many compounds are degraded preferentially, if not uniquely, in 
anaerobic conditions. For example, reductive decolorization of an azo dye by 
anaerobic microbes. 
 
 Biodegradation of recalcitrant azo dye 
The azo dyes contain at least one –N=N- double bond, however many different 
structures are possible. Even diazo and triazo dyes are also available. The azo groups 
are generally connected to benzene and naphthalene rings but can also be attached to 
aromatic heterocycles or enolixable aliphatic groups (Zollinger, 1987). This side 
groups are necessary for imparting the color of the dye, with many different shades 
and intensities being possible. 
 
Dyes are composed of a group of atoms responsible for dye color, called 
chromophores, as well as electron withdrawing or donating substituents called 
auxochromes, that cause or intensify the color of the chromophores. When describing 
a dye molecule, nucleophiles are referred to as auxochromes, while the aromatic 
groups are called chromophores. Together the dye molecule is referred as a 
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chromogen. The absorption profile in visible and ultraviolet spectra is ultimately 
responsible for the observed color and complex structure of the dye. 
 
Chemical diversity of dyes is based on the varieties of chromophores and 
auxochromes structure. 
The most important chromophores are:  
Ø -N=N- (azo) 
Ø -C=O (carbonyl) 
Ø -CH (methine) 
Ø -NO2 (nitro) 
Ø quinoid rings 
Ø C=C- 
Ø -C=N- 
 
While, the most important auxochromes are: 
Ø -NH3 (amine) 
Ø -COOH (carboxyl) 
Ø -SO3H (sulfonate)  
Ø -OH (hydroxyl) 
 
High production and excessive release of textile dye, particularly of azo dye causes 
colored water pollution problem that is harmful to sensitive biosphere in every angle. 
The recalcitrant nature of azo dye molecules renders them difficult to degrade, albeit 
extensive research work has been carried out to treat colored pollutants and 
decolorization processes are well documented in the literature. These are physical, 
chemical and biotic.  
 
Biological decolorizations are based on microbial transformation of dye under the 
regulatory effects of oxygen.  Under aerobic conditions low color removal efficiencies 
are achieved, because the azo linkage(s) impart the property of obstruction to become 
susceptible to oxidative degradation. And in case of reductive degradation, oxygen is 
a more efficient electron acceptor, therefore having more preference for electrons than 
azo dyes (Stolz, 2001). Therefore the azo dyes generally resist degradation under 
aerobic condition.  
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In contrast, anaerobic treatment generally gives good color removal efficiencies 
(Cervantes et al., 2001; Van der Zee et al., 2001; Dos Santos et al., 2003 a). The 
anaerobic microorganisms not only generate the electrons to cleave the azo bond, but 
also maintain the low redox potential (<- 50 mV) which is required for the transfer of 
reducing equivalent to the dye molecule (Beydilli et al., 1998; Bromley-Challenor et 
al., 2000) Although a complete mineralization cannot generally be reached 
anaerobically, the reductive transformation increases the susceptibility of the aromatic 
molecule to oxygenases attack (Field et al., 1995). Therefore, for most of the azo 
dyes, a sequenced anaerobic/aerobic treatment is required not only for the reduction 
of the azo dye but also for the mineralization of its cleavage products (Tan et al., 
2000). In such biological treatments of azo dye, mostly consortia of microorganism 
are effective. Most members of such microbial group are heterotrophic bacteria, 
protozoa and fungi. 
 
If we scan the related literature, we find that decolorization of azo dyes by yeasts is 
much less studied than the homologous process mediated by bacterial and mold 
species. Yeasts are facultative anaerobic organisms which have ability to produce 
energy for their own use, from suitable organic compounds under both aerobic and 
anaerobic conditions.  
 
In the yeast cells, particularly of Saccharomyces cerevisiae, the sugar is metabolized 
to CO2 to H2O for energy production, under aerobic conditions. The sugar molecule 
has thus provided the yeast cell with the maximum amount of energy. If no oxygen is 
available, the energy production per sugar molecule is poor, as under anaerobic 
conditions the fermentation of sugar primarily leads to the formation, mainly of 
ethanol and to the lesser among of glycerol, acetate and butanol (Figure 7.1, on next 
page). This may also occur in an aerated medium if a large excess of sugar is present. 
Thus yeast can exhibit respiro-fermentative physiology.  
 
This unique repiro-fermentative physiology generates good amount of reducing 
equivalents, and therefore under controlled environment it may be channelized for 
extracellular reduction of azo bond of the dye provided any plasma membrane bound 
redox systems work for it.  
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Figure.7.1 Bioreaction network of central, carbon metabolism in S. cerevisiae. 
Extracellular metabolites are indicated by uppercase letters (Sonderegger, M. 2004). 
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In this work, an attempt was made to elucidate some basic physiological aspects 
associated with azo dye decolorization by Saccharomyces cerevisiae. This yeast is 
capable of reducing several monoazo and diazo dyes to the corresponding amines and, 
therefore, promotes their decolorization through the cleavage of the azo bond. Not 
only this, the same yeast also decolorized chemically complex, dye house effluents. 
 
Since it is among reactive azo dyes that are extensively used in textile industry, in the 
preliminary study sulphonated mono azo dye Reactive Red 35 was chosen to 
determine the decolorization ability of five selected yeast strains viz. SY, PS, BY, W3 
and G1 (Plate 1, 2). Most available literature related to the role of bacteria in azo dye 
decolorization, suggested anaerobic condition for effective decolorization. However 
yeast being a facultative organism and generally exhibit repiro-fermentative 
physiology, can’t grow properly in strict anaerobic environment. Therefore 
decolorizations of Reactive Red 35 by these five yeast strains were tested and 
compared in aerobic and oxygen-limiting conditions, by incubating culture flasks in 
shaking and static conditions respectively.  
 
As compare to four, natural isolates W3, PS, BY and G1, baker’s yeast S.cerevisiae 
SY executed highest decolorization of Reactive Red 35 in complex as well as in 
chemically defined medium under the influence of static incubations. This indicates 
potential of S.cerevisiae SY to generate high load of reducing equivalent in oxygen-
limiting conditions, and apply it to attack on azo bond of the dye. Since we did not 
identified yeast strains W3, PS, BY and G1 by biochemical and genetic analysis, it is 
difficult to predict and explain the failure of these four strains for effective 
decolorization of an azo dye but at least they may not have the metabolic and cellular 
facility to divert its excess reducing equivalent for observable reduction of azo bond 
of the dye, neither in aerobic nor in oxygen-limiting conditions. Thus primary 
screening program gifted S.cerevisiae SY as the best strain for azo dye decolorization. 
The color of the culture liquid and yeast cells were observed during screening 
experiments (Plate 3). Although these observations can not give any insight into the 
precise rate of color removal, they do give, at least partially, information on the 
decolorization ability of the yeast strain tested. Thus detailed screening is required to 
fish out from nature, other potential yeast strains capable of azo dye decolorization. 
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Azo dye decolorization by yeast, in oxygen –limiting condition suggests that the 
process is analogous  to the decolorization mediated by most bacterial strains in 
anaerobic environment. However P. A. Ramalho (2004 & 2005) documented 
decolorization of azo dye by species of Candida, Issatchenkia and Saccharomyces 
under aerobic or microaerophilic conditions. Though we did not measured dissolved 
oxygen in the medium during and after decolorization of dye, but it was assumed that 
static incubations of yeast slowly limits availability of oxygen and yeast might have 
changed its physiology proportionately, from respiration to fermentation during which 
the pool of intracellular reducing equivalent also may be directed for extracellular 
decolorization of dye, since sulphonated azo dyes are impermeable to plasma 
membrane. In this case of static incubation, where oxygen limiting conditions favors 
the fermentative growth of yeast is generally accompanied by ethanol formation as 
suggested by P.A. Ramalho (2004), albeit we didn’t  checked the presence of ethanol 
in the medium. 
 
During this research work, in early experiments complex medium GYEP was 
employed to favor decolorization of azo dye by yeast. As indicated in figure 6.1, it 
was found that yeast extract is the best nutrient for S.cerevisiae SY, and that was the 
key ingredient in the GYEP medium that supported high rate of dye decolorization. 
This is obvious because decolorization of azo dye by S.cerevisiae SY occurred 
maximally in exponential growth phase and yeast extract is the rich source of amino 
acids, vitamins and minerals that enhance the yeast growth effectively. To focus more 
precisely on the mechanism of azo dye decolorization by yeast, every ingredient of 
the culture medium must be known. Therefore chemically defined medium GVU was 
employed where riboflavin (vitamin B2) was incorporated as proposed redox 
mediator.  
 
Dye decolorization ability of S.cerevisiae SY in oxygen limiting conditions was further 
exemplified by the inoculum developed under different cultivation conditions. Static 
incubation during yeast inoculum development and also static incubation during dye 
decolorization experiments, were in favor of dye decolorizing physiological state (in 
oxygen limiting conditions) along with surface properties and therefore dye 
decolorization started immediately without any lag. Those decolorization experiments 
in static incubation that were initiated using inoculum developed in shaking incubation 
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and pre-adjusted to aerobic growth, had procrastinate dye decolorization process until 
the favorable physiological state in the cells was established. However fresh grown 
yeast cells collected from agar slants and without any pre-adjustments directly added 
as inoculum were very weak in dye decolorization reactions. These finding suggest the 
requirement of actively growing yeast cells acquainted to oxygen limitations (favoring 
respiro-fermentative physiology) and have high rate of metabolic activities, for 
decolorization of an azo dye.      
 
Most of the research reports described biosorption of azo dyes on living yeast cells 
during decolorization reactions. However in the present study, azo dye decolorization 
by growing cells of S.cerevisiae SY is a biological process, rejecting the phenomenon 
of biosorption. As shown in Plate 3, though during decolorization little quantity of azo 
dye was found adsorbed on budding yeast cells but during tailing hours of static 
incubations the yeast cells were colorless. Thus azo dye reduction activity in yeast 
culture is a constitutive property of the cells. Rejection of biosorption of azo dye was 
also confirmed by observing failure of heat killed yeast cells to decolorize an azo dye. 
Moreover, even at high concentrations in the medium, the azo dye is non-toxic for 
yeast cells while they are growing aerobically or facultatively. Since sulphonated azo 
dyes are impermeable to cells this resistant nature of yeast towards azo dye is quite 
obvious.  
 
As the large amount of actively growing yeast biomass can effectively generates 
required redox potential in their exponential growth phase to cleave the azo bond of 
the dye, increasing size of yeast inoculum could significantly enhanced the rate of dye 
decolorization and the overall process becomes faster. But lower amount of yeast 
inoculum almost failed in dye decolorization even though low density of yeast cells 
remains in actively growing conditions because the required net pool of reducing 
equivalent can not generated. Thus it is important to set the required active biomass of 
yeast cells in the dye house effluent and textile mill effluent, if yeast has to be applied 
for dye decolorization.  
 
Being a fungus, yeast normally prefers slight acidic pH for their growth and 
metabolism; hence cells of S. cerevisiae SY found capable of decolorizing the azo dye 
effectively in chemically defined medium with pH ranging from acidic to neutral. 
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Besides this, with constant amount of actively growing biomass of yeast, faster 
decolorization of azo dye was observed when initial concentration of dye was 
increased progressively. Similar effect was also observed for riboflavin (vitamin B2) 
with catalytic concentration range of 0.03 – 0.6 mM and the Km of 0.085 mM. These 
findings along with temperature profile of dye decolorization (data not shown) 
suggest the participation of an enzyme activity in azo dye reduction where riboflavin 
is functioning as redox mediator to transport intracellular redox equivalent to the 
extracellular azo dye, with the mediating agency of transmembrane proteins 
(enzymes). The involvement of redox mediator in azo dye decolorization by yeast was 
also emphasized by P. A. Ramalho et al, (2004) who explained the need of redox 
mediator such as anthraquinone-2-sulfonate (AQS) in azo dye decolorization by novel 
ascomycete yeast, Issatchenkia occidentalis.  
 
The need of redox mediator in azo dye decolorization by microbes can be explained by 
many suitable reasons. Due to unsuitable redox potentials, complex structure or steric 
hindrance of the dye molecule, the reductive cleavage reaction generally represents 
one of the rate- limiting steps in the overall mineralization of an azo dye (Dos Santos 
et. al. 2003). Simultaneously, the transfer of reducing equivalents from a primary 
electron donor (co-substrate, mainly glucose) to a terminal electron acceptor (azo dye) 
generally acts also as the process rate- limiting step in anaerobic azo dye reduction 
(Van der Zee et al., 2003). Emphasizing the above concepts, Walker and Ryan 
(1971) postulated that decolorization rates are related to the electron density in the 
region of the azo bond. They suggested a color removal increase by lowering the 
electron density in the azo link. Therefore the use of redox mediators would not only 
tend to accelerate the reducing equivalent transfer to the terminal electron acceptor azo 
dye, but also minimize the steric hindrance of the dye molecule (Bragger et al., 1997; 
Moir et al., 2001, Kudlich et al., 1997; Keck et al., 2002).  
 
Flavin-based compounds, such as flavin adenine dinucleotide (FAD), flavin adenine 
mononucleotide (FMN) and vitamins such as  riboflavin (vitamin B2), 
cyanocobalamin (vitamin B12), as well as quinone based compounds such as 
anthraquinone-2-sulfonate (AQS), anthraquinone-2,6-disulhonate (AQDS), 1,4-
benzoquinone (BQ) have been extensively reported as redox mediators (Semde’et al, 
1998; Cervantes et al., 2000; Rau et al, 2002, Dos Santos, et al, 2004 & 2005). It 
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has been suggested that redox mediator could increase the rate of dye decolorization 
as an electron shuttle from the primary electron donor to the azo dye (Rau and Stolz, 
2003). In this case, the redox mediator is biologically reduced by non-specific 
enzymes (present in/on plasma membrane), as the direct electron acceptor of the 
primary electron donor (co-substrate). Later the electrons are chemically transferred 
to the azo dye, the terminal electron acceptor, with consequent mediator regeneration. 
Therefore redox potential prevailing in the medium, redox mediator reduction and 
regeneration of its oxidized form, are important factor for determining the rate of 
electron transfer when redox mediators are involved.  
 
Theoretically, feasible redox mediators for biological azo dye reduction must have 
redox potentials between the half reactions of the azo dye and the primary electron 
donor (van der Zee et al, 2003). Unfortunately the standard redox potential (E0’) for 
most azo dyes is unknown but they vary in a range of – 430 and – 180 mV as found 
out by Dubin and Wright (1975). But redox potential of many redox mediators is 
known, for example the redox potential (E0’) of riboflavin is - 208 mV (Sorber et al. 
1970). Thus riboflavin is an excellent redox mediator and worked effectively in the 
decolorization of many azo dyes by bacteria same is also true for S..cerevisiae SY as 
concluded in this work  
 
Decolorization of azo dye by S.cerevisiae SY is also affected by the quality and 
quantity of available carbon and nitrogen source. Out of five sugars tested such as 
glucose, galactose, fructose, mannitol and mannose, highest decolorization was 
favored by glucose followed by mannose, fructose, and galactose, while mannitol was 
not supportive to yeast for the decolorization of azo dye. This is not unexpected, since 
glucose is a common and favorite carbon source for yeast that can be easily 
metabolized through central metabolic pathways such as glycolysis and TCA cycle 
that generates enough reducing equivalent that may support decolorization of azo dye. 
This was further confirmed when low density inoculum prepared in static incubation 
exhibited a lag phase of 16 h in medium without glucose, but at this hour of time when 
0.1 gm% glucose is added actively growing cells increased and dye decolorization 
commenced (Figure 6.15). Once yeast cells grow sufficiently in numbers by 
consuming glucose, they charged with a battery of high reducing power and can 
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execute even more decolorization if azo dye is added at this juncture. This 
phenomenon is clearly observed in Figure 6.16, where it has been shown that addition 
of 0.01% azo dye in a decolorizing medium (which already contain the same dye) at 16 
h of incubation, decolorized at high rate by S.cerevisiae SY. Besides glucose, other 
sugars like fructose or mannose after proper conversion, can also be channelized into 
glycolysis and can follow above mentioned physiology. But yeast did not produce 
adequate biomass, when it grow on galactose or mannitol, because these sugars 
generally not serves as good source of carbon and  energy therefore found to be 
ineffective in decolorization of azo dye by S.cerevisiae SY.  
 
For yeast, the relationship between glucose and oxygen concentration is very critical, 
since it decides the modes of metabolism and physiology. In our research work under 
oxygen limiting conditions S.cerevisiae SY was not being able to reduce the azo bond 
of the dye in the presence of 5% sugar such as glucose or sucrose (including molasses). 
However this effect was not observed at 1% glucose concentration. Many constrains 
related to carbon metabolism may be responsible for this, since S. cerevisiae exhibits 
different modes of metabolism to gain energy and to produce biomass when glucose is 
used as a carbon source.  
 
In general, the route of metabolic flux towards pyruvate the end product of glycolysis 
can lead to alcohol fermentation (fermentative metabolism) or respiration (respiratory 
metabolism) through tricarboxylic acid (TCA) cycle and respiratory chain. However, 
both types of metabolism can also occur at the same time (respiro-fermentative 
metabolism) in S. cerevisiae.  
 
There are two important regulatory phenomena depending on the availability of 
oxygen and the concentration of glucose in the medium, referred to as Pasteur Effect 
and Crabtree Effect (for details see Walker, G. M., 1998). Pasteur Effect can be 
defined as the suppression of fermentation by oxygen. However, this phenomenon is 
only observable when glucose concentrations are low (e.g. below around 5 mM in S. 
cerevisiae) or under certain nutrient limited conditions (Lagunas, 1979). Crabtree 
Effect also referred to as the “glucose effect” or “contre-effect Pasteur” was defined 
as the suppression of respiration by high glucose. As other Crabtree-positive yeasts, S. 
cerevisiae has a strong tendency towards alcoholic fermentation. It shows a respiro-
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fermentative metabolism when the sugar concentration in the cultivation medium 
exceeds a threshold value of about 5 mM even under fully aerobic conditions 
(Verduyn et al., 1984).  Respiration is the sole route of glucose catabolism when the 
concentration of glucose is very low. Fermentative metabolism alone occurs only 
under complete anaerobic conditions.  
 
 
Fig. 7.2 Scheme illustrating the membrane dehydrogenase and the respiratory chain in 
mitochondria of S.cerevisiae. Dehydrogenase located on the inner surface of the inner 
membrane: (1) internal NADH dehydrogenase; (II) succinate dehydrogenase, located 
on the outer surface of the inner membrane: (III) external NADH dehydrogenase; (IV) 
glycerol-3-phosphate dehydrogenases (Gpd1/Gpd2p) which are involved in glycerol-3-
phosphate shuttle (Michel Rigoulet et al, 2004). 
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Like other organisms, yeasts derive energy from controlled oxidation of molecular 
substrates (mainly glucose) during glycolysis, using NADH as the major carrier of the 
generated reducing equivalents. The yeast S.cerevisiae lacks transhydrogenase 
activity and the redox couples NAD+/NADH and NADP+/NADPH cannot pass the 
mitochondrial membrane. Hence, to maintain the redox balance, the reduced 
coenzymes must be reoxidized in the compartment in which they are produced. In 
contrast to NADPH turnover, which occur essentially in the cytosol, system for 
NADH turnover in mitochondria as well as in the cytosol, both are required during 
aerobic and anaerobic conditions (Bruinenberg, P. M. et al, 1985). In yeast the 
largest part of excess cytosolic NADH formation is connected to biomass production. 
Synthesis of proteins, nucleic acids and even the highly reduced lipids are associated 
with the assimilatory NADH production. In particular, NADH is generated in the 
biosynthetic pathway of amino acid synthesis (Michel R. 2004).  
 
As described above in figure 7.2 under aerobic conditions, several systems for 
conveying excess cytosolic NADH to the mitochondrial electron transport chain exist 
in S.cerevisiae. Two most important systems in this respect seem to be the external 
NADH dehydrogenase (Nde1p/Nde2p) (Luttick, M. A. H., et al, 1998) and the 
glycerol-3-phosphate shuttle (Larsson, C., et al 1998) even if other shuttles could in 
particular situations play some role (Bakker, B. M., et al, 2001).  
 
The Nde1p/Nde2p localized in the inner mitochondrial membrane with the catalytic 
sites projecting towards the intermembrane space, are proved to directly oxidize 
cytosolic NADH. The glycerol-3-phosphate shuttle system, involving the FAD 
dependent Gut2p (Rönnow, B., and Kielland-Brandt, M. C., 1993) which is situated 
in the inner membrane of the mitochondria with the catalytic site projecting towards 
the cytosol, is also shown to be active in maintaining a cytosolic redox balance. In this 
system the co-factor, NADH is oxidize to NAD+ by the cytosolic glycerol-3-phosphate 
dehydrogenase (Gpd1p) when catalyzing the reduction of dihydroxyacetone phosphate 
(DHAP) to glycerol-3-phosphate (G3P). Subsequently G3P delivers its electrons to the 
respiratory chain via the Gut2p and DHAP will reappear (Figure 7.2). 
 
However the relative importance of these two systems under different conditions is an 
important aspect in yeast physiology. High glucose concentration will render the 
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glycerol-3-phosphate shuttle inactive since one of its components, the Gut2p, is 
subjected to glucose repression (Sprague, J. G. F. and Cronan, J. G. E., 1977). To a 
large extent cytosolic redox balance is restored by ethanol and glycerol formation 
under such conditions (Fiechter, A., et al, 1981) but potentially the external NADH 
dehydrogenase plays a roe as well. Respiration is only partly repressed by high glucose 
concentrations (Blomberg, A., et al, 1988) and an active external NADH 
dehydrogenase might explain the lower glycerol formation obtained during aerobic 
compared to anaerobic batch cultures of S.cerevisiae. 
 
The anaerobic energy metabolism of S.cerevisiae on glucose is strictly limited to 
fermentation which is redox-neutral in the sense that NADH produced in glycolysis is 
reoxidized to NAD+ when acetaldehyde is reduced to ethanol (Van Dijken & 
Scheffers 1986). However, the biosynthesis of amino acids and excretion of small 
metabolites produces an excess of cytoplasmic NADH (Nordstrom 1968, Albers et 
al. 1998), which under aerobic conditions can be reoxidized by feeding into the 
mitochondrial respiratory chain (Bakker et al. 2001; Pehlman et al. 2001). But 
anaerobically, the only means by which S.cerevisiae can reoxidize surplus production 
of NADH is by glycerol formation. Thus during anaerobic conditions, the cells are left 
with glycerol production as the main redox-sink for excess NADH (Nordstrom 1968; 
Albers et al. 1998).  
 
Looking to the above mentioned concepts, it can be suggested that when baker’s yeast 
grow in oxygen limiting conditions with low concentration of glucose (such as 1 %), 
its repiro-fermentative physiology employ enough NADH for the reduction of azo dye 
with concomitant increase in biomass. But when glucose concentration increase up to 
5 %, it strictly followed fermentative physiology that utilized maximum NADH in the 
production of either ethanol or glycerol therefore there was no reduction of azo dyes, 
albeit we didn’t measured ethanol or glycerol during decolorization.   
 
S. cerevisiae can also metabolize non-conventional carbon sources like ethanol, 
glycerol, tween 80, succinic acid and citric acid but only in aerobic conditions of 
incubation. These sources can be metabolized aerobically either in yeast cytoplasm, 
microsomes or mitochondria, depending upon the type of carbon source. Ethanol is 
converted in to acetate in cytosol, glycerol is incorporated in to glycolysis through 
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dihydroxyacetone phosphate (DHAP) but also in cytosol, and however fatty acid like 
tween 80 can be catabolized by ß-oxidation in the microsomes, while organic acids 
such as succinic acid and citric acid can be metabolized through TCA cycle in 
mitochondria. But in our experimental work, instead of fully aerobic, oxygen limiting 
conditions did not allowed yeast to utilize these carbon sources and therefore in the 
presence of them S.cerevisiae SY failed to grow properly and azo dye decolorization 
was not achieved properly. Thus it can be concluded that azo dye decolorization 
activity by S.cerevisiae SY is restricted to oxygen limiting conditions generated during 
static incubations. 
 
As ethanol did no t utilized as source of carbon and energy, we tried to find out its 
inhibitory concentration on yeast cell since ethanol is well known as an inhibitor of 
microbial growth. It has been reported to damage mitochondrial DNA in yeast cells 
(Ibeas J. L., and Jimenez J. 1997) and to cause inactivation of some enzymes, such 
as hexokinase (Augustin, H. W. et al, 1965) and dehydrogenase (Nogadawithana, T. 
W., and Steinkraus, K. H., 1976). Nevertheless, some strains of the yeast S.cerevisiae 
show tolerance and can adapt to high concentrations of ethanol (Alexander, H. L. et 
al, 1994 and Ghareib, M. et al, 1988). In the present study also, S.cerevisiae SY 
tolerated absolute ethanol up to 5 % (v/v), but at high concentration of ethanol the azo 
dye decolorization activity by yeast was reduced. It has been found that S.cerevisiae 
cells grown in the presence of ethanol appear to increase the amount of 
monounsaturated fatty acids in cellular lipids (Sajibidor, J. et. al, 1995). In plasma 
membrane, lipid content remains to be high thus presence of high concentration of 
ethanol may cause change in structure & integrity of yeast plasma membrane that may 
be responsible for lowering the azo reduction activity. Therefore it is reasonable to say 
that S.cerevisiae SY involves plasma membrane redox system (PMRS) in azo dye 
decolorization, that also suggested by P. A. Ramalho (2005).   
  
Yeast is capable of utilizing a range of different inorganic and organic sources of 
nitrogen for incorporation into the structural and functional nitrogenous components of 
the cell, such as amino acids (and consequently peptides and proteins), polyamines, 
nucleic acids and vitamins. For yeast growth media are often supplemented with 
complex mixtures of amino acids (such as yeast extract). In present case, S.cerevisiae 
SY grew actively utilizing ammonium compounds, nitrate or urea and effectively 
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decolorized azo dye. This is a normal scenario, because yeast can live on ammonium 
ions as a sole nitrogen source, since it posses a whole repertoire of genes encoding 
enzymes to the biosynthesis of all amino acids. Urea an organic nitrogen source is also 
widely used by yeasts. In urease-negative S. cerevisiae, urea aminohydrolase (ATP-
dependent urea carboxylase plus allophanate hydrolase), hydrolyses urea to 
ammonium and carbonate. Enzyme urea carboxylase converts urea in to urea-1-
carboxylate that decarboxylated by allophanate hydrolase and ammonium ion is 
liberated and utilized in biosynthesis of amino acids.  
 
Ammonium ions, either supplied as nutrient or derived from the catabolism of other 
nitrogenous compounds, can be directly assimilated into a couple of amino acids, 
notably glutamate and glutamine, which can then serve as donors of the amino group 
to other amino acids. The major route for assimilation of ammonium is the reaction of 
the NADPH-dependent glutamate dehydrogenase (GDH) which forms glutamate from 
a-ketoglutarate and ammonium. Whenever ammonium ion concentration is low, but 
also as a prerequisite for the synthesis of many nitrogenous compounds glutamine 
synthase is activated, which forms glutamine from a—ketoglutarate and ammonium in 
an ATP-dependent reaction.  
 
Baker’s yeast S. cerevisiae SY is capable of utilizing nitrate suggesting the presence of 
NADPH-dependent nitrate reductase that forms nitrite. Subsequently, nitrite is 
generally reduced to ammonium by NADPH-dependent nitrite reductase, however 
S.cerevisiae SY failed to reduce nitrite and could not utilize it as nitrogen source, 
possibly nitrite may behave as respiratory inhibitors as suggested by Douglas B. M., et 
al (1998). This phenomenon was further confirmed when 0.3 mM L-1 of sodium nitrite 
retarded the growth of S.cerevisiae SY and dye decolorization activity was excessively 
reduced (Figure 6.19). 
 
In the present work the role of yeast mitochondria or its electron transport chain in azo 
dye decolorization was rejected. Because it has been well documented that polar, 
sulphonated azo dyes are impermeable to live cells thus dye can’t reach up to inner 
membrane of mitochondria where respiratory chain is located. With this in the respiro- 
fermentative conditions during dye decolorization, mitochondrial function was 
suppose to be operated though with low of oxygen. If yeast mitochondria are involved 
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in azo dye decolorization there must be the strict requirement of anaerobic condition 
and not the oxygen limiting condition. We confirmed this hypothesis by checking the 
azo dye decolorization in the presence of various mitochondrial blockers. Blockers of 
mitochondria DNA such as intercalating agent Acriflavin and Acridine orange 
probably inhibited the synthesis of mitochondria and therefore the growth of 
S.cerevisiae SY was retarded. Similarly the inhibitor of electron transport chain, 
sodium azide also restricted the yeast growth (Figure 6.21). Thus absence of active 
yeast cells failed to decolorize azo dye, since as earlier it has been suggested that 
decolorization by yeast is associated with actively growing culture and adequate 
biomass. However protein denaturing agent Thiourea and Sodium bisulphite didn’t 
interrupted yeast growth and dye decolorization program by was quite successful.  
Therefore it is postulated that reductive decolorization of impermeant sulphonated azo 
dyes by living yeast cells must occur extracellularly possible by any one of the plasma 
membrane redox system (PMRS). 
 
Plasma membrane redox systems (PMRSs) are ubiquitous, being expressed in all 
living cells including bacteria and cyanobacteria, yeasts, algae and plant and animal 
cells (del Castillo-Olivares, A., et. al 2000 & Ly, J. D., and Lawen, A., 2003). These 
systems are linked to several vital cellular functions, including growth and control, 
iron uptake, apoptosis, bioenergetics, transformation and hormone responses. Some of 
these roles may be linked to the appropriate NAD(P)+/NAD(P)H and/or NAD+/NADH 
ratios. In fact an increase in the glycolytic flux, leading to an accumulation of NADH 
in the cytoplasm, induces an increase of PMRS activity (Medina, M. A., et. al. 1997). 
 
Research findings of the team of Ramalho P.A. (2004 & 2005) have demonstrated 
that some non-conventional and conventional yeasts are efficient azo dye decolorizers 
in microaerophilic or aerobic conditions. These yeasts mainly involve participation of 
an externally directed plasma membrane redox system (PMRS) in azo dye reduction, 
linking an intracellular reductant to an extracellular electron acceptor. Focusing such 
concept, in our work as a required first step, it was necessary to find a model yeast 
strain capable of decolorizing polar azo dyes. Among the screened strains, baker’s 
yeast S. cerevisiae SY proved to fulfill that condition. In S.cerevisiae, the most 
extensively explored PMRS is the assimilatory ferric/cupric reductase system that 
participates in the high affinity uptake of iron and helps in iron metabolism. 
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Figure 7.3 Iron metabolism in S. cerevisiae (Hass. H. 2004) 
 
 
Figure 7.4 Iron uptake through reduction and oxidation in yeast 
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Figure 7.5 Detailed view of iron reduction and uptake systems in S. cerevisiae. 
Fe(III)-chelate is reduced by six Fre homologues, of which Fre1 and Fre2 are the 
major ferric iron reductases. The resulting Fe2p is either reoxidized and transported 
by the high affinity Fet3/Ftr1 system, or transported directly by the low affinity Fet4 
transporter. The Arn3 permease is located in post-Golgi vesicle membranes and 
transports chelated Fe3p directly. Also shown is Fre7, which is implicated in Cu2p 
reduction rather than in Fe3p reduction. Cu transport systems (e.g. Ctr1) and copper 
chaperones are not included in the  figure. The expression of the genes for all iron 
reductases and iron transporters is under control of the Aft1 and Mac1 activators in 
response to low iron and copper availability (Imke Schröder, 2003). 
 
The yeast ferric reductase activity can be assayed through the reduction of 
impermeable substrates like ferricyanide, iron(III)-citrate, iron(III)-EDTA and a 
variety of other ferric chelates as suggested by P. A. Ramalho (2005). Therefore we 
also checked the role of yeast ferric reductase in dye decolorization by comparing the 
effect of potassium ferricyanide [K3(Fe)CN6] and potassium ferrocyanide 
[K4(Fe)CN6] (Figure 6.22). Being a substrate of ferric reductase, potassium 
ferricyanide at 5 mM L-1 concentration exhibited competitive inhibition in the 
presence of competitor like azo dye and therefore dye decolorization activity was 
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retarded. However the product of ferric reductase, potassium ferrocyanide was 
ineffective. Thus we confirmed the role of plasma membrane located, ferric reductase 
of S.cerevisiae SY in the decolorization of azo dye. However proper characterization 
of ferric reductase is still not done by us, but we continue our work for the same. 
 
In this complex system, the best-studied components are the metalloreductases Fre1p 
and Fre2p encoded by the genes FRE1 and FRE2 (Dancis, A., et. al. 1992); the 
oxidase-permease complex of Fet3/Ftr1 encoded by genes FET3/FTR1; the iron-
dependent transcriptional regulators Aft1p and Aft2p; and the copper-dependent 
transcriptional regulator Mac1p. A potential Fe3+/Cu2+ reductase subunit is the 
cytoplasmic cofactor Utr1p (Figure 7.3, 7.5). 
 
The genome sequence of S.cerevisiae revealed the presence of five additional 
metalloregulated genes, FRE3 through FRE6 and FRE7, with sequence similarities to 
FRE1 and FRE2. The first four are transcriptionally regulated by the iron-responsive 
Aft1p element and the fifth by the copper-dependent Mac1p. Fre3p and Fre4p are 
potential siderophore- iron reductases, but the function of the remaining gene products 
is unknown. Given their regula tion pattern, they may participate in iron homeostasis 
(FRE5 and FRE6 products) and copper homeostasis (FRE7 product), possible as 
internal metalloreductases.   
 
Fre1p and Fre2p together account for virtually all of the Fe3+/Cu2+ reductase activity 
of yeast cells but in varying proportions, depending both on iron and/or copper 
availability and on the growth phase of the cells. But Fre1p is the major reducer of 
iron. The in vivo association of the Fre1p component with the NAD-phosphorylating 
kinase Utr1p generally accepted, since increased ferric reductase activity is observed 
only when FRE1 and UTR1 are overexpressed together (Lesuisse, E., et al 1996). It 
has therefore been suggested that Utr1p is the supplier of NADP to the ferric reductase 
system. This is also consistent with the existence of the NADPH binding motif in 
Fre1p suggesting that NADPH is the electron donor for the iron reduction. Thus Fre1p 
is the main component of ferric reductase responsible for iron reduction and converts 
ferric in to ferrous ion.  
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The work of P. A. Ramalho (2005) strongly indicated that the Fre1p – dependent 
reductase system of the plasma membrane is an important component of the azo 
reductase activity in intact S.cerevisiae cells grown in microaerophilic conditions and 
harvested between mid and late exponential growth phases. This work also proposed 
NAD(P)H as the main electron donor for azo dye decolorization. However the present  
work shows the results that are differing in many aspects of yeast physiology.  
 
S.cerevisiae SY exhibited azo dye decolorization not in microaerophilic conditions 
but in oxygen- limiting conditions (in static incubation) under the effect of repiro-
fermentative physiology. Along with this strict fermentative condition at high sugar 
concentration, inhibited the azo dye decolorization activity. In reality, at high sugar 
concentrations, NADH utilized for the fermentation of ethanol or glycerol by 
S.cerevisiae. Thus availability of free NADH during respiro-fermentative conditions 
and unavailability of free NADH during only fermentative conditions suggest the role 
of NADH as electron donor for azo bond reduction during dye decolorization by 
S.cerevisiae. Recent findings of Shi. F. (2005), who confirmed the ATP-NADH 
kinase activity of Utr1p to phosphorylate NADH to NAD(P)H in S.cerevisiae, suggest 
that in our work, available NADH may converted into NAD(P)H  that served as 
electron donor for azo dye decolorization by S.cerevisiae SY. Even, probably this will 
be the first report that document need and efficacy of riboflavin as redox mediator in 
the decolorization of azo dye by S. cerevisiae where riboflavin is reduced by NADH 
and ferric reductase and concomitantly, chemically oxidized by an azo dye. 
 
Thus under oxygen limiting conditions and with respiro-fermentative physiology, 
S.cerevisiae SY metabolize adequate level of glucose (co-substrate) and produces 
enough reduced pyridine nucleotides, majority of which utilizes for the synthesis of 
biomass and production of energy, but minor fraction is channelized to membrane for 
plasma membrane redox system. There riboflavin function as redox mediator accept 
this electrons (e-) and H+ from NADH and get reduced but through the agency of 
Fre1p – ferric reductase. Thus activity of yeast ferric reductase is rather non specific, 
reducing not only Ferric (Fe+) but redox mediator also. The reduce riboflavin 
chemically donates reducing equivalents to the electron dense azo bond of the dye and 
causes it to loose color that results in to the production of aromatic amines. These 
aromatic amines were fairly detected by UV-visible spectra of decolorized sample. 
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Although, HPLC results in this work are not satisfactory for the detection and 
confirmation of amines in the decolorized culture fluids.  
 
S.cerevisiae SY as an efficient biochemical system is capable of decolorizing various 
sulphonated mono and diazo dyes as well as many more textile dyes whose chemical 
structures though unknown to us (Figure 6.23 and Table 6.3). Not only these, but the 
same yeast also shown the potential to decolorize chemically complex and colored, 
dye house effluents (Plate 4, 5, 6). These indicate the decolorization versatility of S. 
cerevisiae SY and suggest utilizing its potential in the treatment of polluted waters 
bodies contaminated by recalcitrant textile dyes. 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 Table 6.1 Decolorization of Reactive Red 35 (65 µM L-1) by yeast strains in GYEP 
broth with shaking and static conditions of incubation. The results are means of 
triplicate experiments documented with standard deviations. 
Shaking conditions of incubation 
 
Static conditions of incubation Yeast  
strain 
%Decolorization  
After 24 h 
Biomass 
(A660nm) 
%Decolorization  
After 24 h 
Biomass 
(A660nm) 
 
SY 
 
W3 
 
PS 
 
BY 
 
G1 
 
43.31 ± 0.133 
 
15.55 ± 0.056 
 
33.41 ± 0.033 
 
14.30 ± 0.013 
 
37.11 ± 0.043 
 
0.647 ± 0.109 
 
1.083 ± 0.224 
 
0.526 ± 0.130 
 
0.923 ± 0.044 
 
0.801 ± 0.136 
 
68.42 ± 0.109 
 
30.44 ± 0.287 
 
29.15 ± 0.372 
 
39.62 ± 0.269 
 
25.89 ± 0.204 
 
0.461 ± 0.047 
 
0.316 ± 0.265 
 
0.629 ± 0.052 
 
0.364 ± 0.109 
 
0.565 ± 0.121 
 
 
 
 
 
Table 6.2 Decolorization of Reactive Red 35 (65 
µM L-1) by yeast strains in GVU broth with static 
conditions of incubation.  
Yeast 
strain 
%Decolorization  
After 24 h 
Biomass 
(A660nm) 
 
SY 
 
W-3 
 
PS 
 
BY 
 
G-1 
 
96.43 ± 0.013 
 
17.74 ± 0.178 
 
13.92 ± 0.084 
 
08.83 ± 0.038 
 
03.55 ± 0.032 
 
0.449 ± 0.074 
 
0.155 ± 0.015 
 
0.517 ± 0.061 
 
0.528 ± 0.123 
 
0.543 ± 0.053 
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Figure 6.1 Decolorization of Reactive Red 35 (65 µM L-1) 
by S. cerevisiae SY in GYEP (with static incubations) 
against combination of peptone and yeast extract but with 
different final concentrations. 
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Figure 6.2 Decolorization of Reactive Red 35 (65 µM L-1) and growth of S. 
cerevisiae SY with Shaking (A) and Static (B) conditions of incubation in 
GVU. The results are means of triplicate incubations with the standard 
deviations indicated by vertical bars. 
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Figure 6.3 Decolorization reactions of Reactive Red 35 (65 
µM L-1) initiated by shaking, static or direct inoculum of S. 
cerevisiae SY in GVU with static incubations. 
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Figure 6.4 Percentage decolorization of Reactive Red 35 (65 
µM L-1) after 12 h of static incubation of; cell-free GVU, 
GVU inoculated with heat killed and live yeast inoculum 
(shaking). 
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Figure 6.5 Growth patterns of S.cerevisiae SY against different concentrations of Reactive Red 35 
in GYEP broth in shaking conditions of incubation (A) and comparison of growth of yeast during 
decolorization of Reactive Red 35 (65 µM L-1) in GVU and growth of yeast in dye-free GVU (B). 
 A       B 
pH  5
0
0.2
0.4
0.6
0.8
1
1.2
0 2 4 6 8 10 12
Time (h)
D
ye
 (
A
51
2)
 &
 B
io
m
as
s(
A
66
0)
Dye
Biomass
    
pH  6
0
0.2
0.4
0.6
0.8
1
1.2
0 2 4 6 8 10 12
Time (h)
D
ye
 (
A
51
2)
 &
 B
im
as
s 
(A
66
0)
 
Dye
Biomass
 
C       D 
pH  7
0
0.2
0.4
0.6
0.8
1
1.2
0 2 4 6 8 10 12
Time (h)
D
ye
 (
A
51
2)
 &
 B
io
m
as
s 
(A
66
0)
 
Dye
Biomass
    
pH  8
0
0.2
0.4
0.6
0.8
1
1.2
0 2 4 6 8 10 12
Time (h)
D
ye
 (
A
51
2)
 &
 B
io
m
as
s 
(A
66
0)
 
Dye
Biomass
 
   E         F 
pH  9
0
0.2
0.4
0.6
0.8
1
1.2
0 2 4 6 8 10 12
Time (h)
D
ye
 (
A
51
2)
 &
 B
io
m
as
s 
(A
66
0)
 Dye
Biomass
    
0
20
40
60
80
100
5 6 7 8 9
pH
%
 D
ec
o
lo
ri
za
ti
o
n
0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
  B
io
m
as
s 
(A
66
0)
 
%Decolorization
Biomass
 
 
Figure 6.6 Effects of initial pH 5(A), 6(B), 7(C), 8(D), 9(E) on decolorization of 
Reactive Red 35 by S.cerevisiae SY in GVU and evaluation of percentage 
decolorization and biomass after 12 h of static incubation(F). 
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Figure 6.7 Effect of different size of inoculum (v/v) 0%(A), 1%(B), 5%(C), 
10%(D), 15%(E) on decolorization of Reactive Red 35 by S.cerevisiae SY in 
GVU and evaluation of percentage decolorization after 12 h of static incubation 
(F). 
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Figure 6.8 Decolorization of Reactive Red 35 (RR35) by static cultures of 
S.cerevisiae SY, started at different initial dye concentrations (µM L-1) viz. 13(A), 
39(B), 65(C), 91(D), 130(E) in GVU. 
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Figure 6.9 Effect of increasing concentrations of riboflavin (mM L-1) viz. 0(A), 
0.03(B), 0.15(C), 0.21(D), 0.3(E), 0.6(F) on decolorization of Reactive Red 35 by 
S.cerevisiae SY in GVU with static incubation. 
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Figure 6.10 Percentage decolorization of Reactive Red 35 by S.cerevisiae 
SY against increasing concentrations of riboflavin in GVU with static 
incubation. 
 
 
 
0
10
20
30
40
50
60
70
80
90
100
0 0.1 0.2 0.3 0.4 0.5 0.6
Riboflvin (mM L-1)
%
 D
ec
o
lo
ri
za
ti
o
n
 (a
ft
er
 1
2 
h
)
Km = 0.085 mM
 
Figure 6.11 Kinetics of Riboflavin, as redox mediator 
during decolorization of Reactive Red 35 by S.cerevisiae 
SY. 
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Figure 6.12 Effects of different carbon sources (co-substrates) on decolorization of 
Reactive Red 35 by S.cerevisiae SY in GVU with static incubations. 
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Figure 6.13 Percentage decolorization of Reactive Red 35 by S.cerevisiae SY 
against different concentrations of glucose, sucrose and molasses in GYEP. 
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Figure 6.14 Effect of increasing concentrations of glucose 0%(A), 0.1%(B), 0.5%(C), 
1.0%(D), 5.0%(E) on decolorization of Reactive Red 35 by S.cerevisiae SY in GVU and 
percentage decolorization after (F)12 h of static incubations 
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Figure 6.15 Decolorization of Reactive Red 35 by S.cerevisiae SY, in GYEP 
without glucose (A) and with intermittent addition of 0.1% glucose (B) at 16 h 
of static incubation. 
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Figure 6.16 Decolorization of Reactive Red 35 by static cultures of 
S.cerevisiae SY in GYEP without intermittent addition (A) and with 
intermittent addition (B) of 0.1 % Reactive Red 35 at 16 h of static incubation. 
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Figure 6.17 Effect of different nitrogen sources viz. Ammonium sulphate (A), 
Sodium nitrate (B), Ammonium nitrate (C), Urea (D) and Sodium nitrite (E) on 
decolorization of Reactive Red 35, by S.cerevisiae SY in GVU and percentage 
decolorization after (B).12 h of static incubation. 
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Figure 6.18 Effect of increasing concentrations of urea on decolorization of Reactive 
Red 35 by S.cerevisiae SY in GVU with static incubations. 
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Figure 6.19 Effect of increasing concentrations of sodium nitrite on decolorization of 
Reactive Red 35 by S.cerevisiae SY in GVU with static incubations. 
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Figure 6.20 Effect of increasing concentrations of ethanol on decolorization of 
Reactive Red 35 by S.cerevisiae SY in GVU with static incubations. 
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Figure 6.21 Influence of Sodium bisulfite (Sb) and different mitochondrial-blockers 
viz. Thiourea (Tu), Sodium azide (Sa), Acriflavin (Af), Acridine orange (Ao) on 
decolorization of Reactive Red 35 by S.cerevisiae SY in GVU with static 
incubation. 
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Figure 6.22 Decolorization of Reactive Red 35 by S.cerevisiae SY against different 
concentrations of K3Fe(CN)6 (A) and K4Fe(CN)6 (B). 
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Figure 6.23 Percentage decolorization of sulphonated 
azo dyes (65µM L-1) of known chemical structure 
(Table 5.1) by S. cerevisiae SY in GVU after 12 h of 
static incubations. Where AR 66 (Acid Red 66 or 
Biebrich Scarlet), RV5 (Reactive Violet 5), RB 5 
(Reactive Black 5 or Reactive Black B), and DR 28 
(Direct Red 28 or Congo Red). 
 
 
 
 Table 6.3 Percentage decolorization of 
different textile azo dyes (50 mg L-1) of 
unknown structure by S. cerevisiae SY 
in GVU after 12 h of static incubations. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 6.4 Physico-chemical parameters of dye house effluent samples 
 
Sr.
No 
Dye house 
effluents 
pH Total 
Suspended 
Solids  
(TSS) 
[gm%] 
 
Total 
Dissolved 
Solids 
(TDS) 
[gm%] 
 
 
Total  
Solids  
(TS) 
[gm%] 
S1. Effluent after 
final treatment 
 
1.15 0.18 1.98 2.16 
S2 Raw effluent ETP 
 
2.35 0.19 2.0 2.19 
S3. Effluent from 
clarifier over flow 
 
7.7 0.06 1.03 1.09 
 
S4. Effluent from azo 
dye plant 
 
10.23 0.2 1.19 1.21 
S5. Effluent after 
primary treatment 
 
9.1 0.04 0.75 0.79 
   
 
Textile dyes % Decolorization 
Blue H3RL 
Orange 3R 
Red Brown 
HOR 
Purple H3R 
PC Black 
Red 6BX 
Red M5B 
Violet H5RL 
Orange H2RL 
Yellow FG 
Navy Blue 
H2GL 
Golden HR 
Magenta HBl 
100 
100 
100 
100 
100 
97.42 
90.57 
87.12 
85.24 
81.06 
80.03 
75.7 
50.93 
 Table 6.5 Percentage decolorization of dye house effluents by S.cerevisiae SY 
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Figure 6.24 Decolorization of dye house effluents by 
S.cerevisiae SY in GYEP under static incubation. 
 
 
Sample
No. 
 
Dye house effluents ?max 
(nm) 
% Decolorization 
after 72 h 
S1. Effluent after final 
treatment 
 
659 91.79 ± 8.93 
S2. Raw effluent ETP 
 
519 97.06 ± 5.09 
S3. Effluent from clarifier 
over flow 
 
396 18.92 ± 10.14 
S4. Effluent from azo dye 
plant 
 
454 28.95 ± 20.60 
S5. Effluent after primary 
treatment 
 
398 36.34 ± 4.43 
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Plate 3 Cellular morphology of S.cerevisiae SY at 0, 6 and 12 h of static 
incubations in GVU, employed for decolorization of Reactive Red 35. 
(Magnification 100x) 
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Plate 1 Simple staining (with crystal violet) of yeast strains S.cerevisiae SY, W3, PS. 
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Plate 2 Simple staining (with crystal violet) of yeast strains BY and G1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Plate 4 Decolorization of dye house effluent samples S1 & S2 by S.cerevisiae SY 
after 24 h of static incubation. 
 
 
 
 
 
 
Plate 5 Decolorization of dye house effluent samples S3 & S4 by S.cerevisiae SY 
after 24 h of static incubation. 
  
 
Plate 6 Decolorization of dye house effluent samples S5 by S.cerevisiae SY after 
24 h of static incubation. 
 
